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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TVs standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. 
Use of Tl products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to Tl through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 



Copyright © 1995, Texas Instruments Incorporated 



Printed in U.S.A. by 
Custom Printing Company 
Owensville, Missouri 



INTRODUCTION 



In the 1995/1996 Data Transmission Circuits Data Book, Volume 1, the Mixed-Signal Products Division 
of Texas Instruments (Tl) presents technical information on various products for electronic media and 
electronic devices. 

The Tl data transmission circuits represent technologies from classic bipolar through Advanced Low-Power 
Schottky (ALS), IMPACT™, LinBiCMOS™, CMOS, and BiMOS processes. The ALS and IMPACT 
oxide-isolated technologies provide the data transmission family with improved speed-power characteristics. 
LinBiCMOS technology has the best features of CMOS and bipolar processes of fast switching speeds, low 
quiescent power, high voltage breakdowns, voltage or current precision, and stability. 

This data book provides information on the following types of products: 

• Data line drivers 

• Data line receivers 

• Data line transceivers 

The data transmission line drivers, receivers, and transceivers, which support many popular data 
transmission standards, can connect electronic devices and systems at high data rates over significant cable 
lengths. 

Among new products offered by Tl in the 1995/1996 Data Transmission Circuits Data Book, Volume 1 are 
LinBiCMOS circuits for the standard footprints of EIA RS-485, including military temperature range offerings; 
differential drivers and receivers that operate from a 3-V supply; new circuits for EIA/TIA-423-B; a 
single-ended Small Computer System Interface (SCSI) transceiver with integrated termination; and low-cost 
EIA/TIA-232-E driver and receiver combinations. 

The data book is organized for quick location of a specific data sheet. The sequence is in base part number 
order (i.e., SN75ALS1 76 is located next to the SN751 76B). The alphanumeric index provides a quick method 
of locating the data sheet for a known part number and indicates new products in this edition. A preview of 
new products that are near release to production are included for the first time in this data book. 

The selection guide is grouped by industry standard and includes key features and the standard device 
footprint of the products in each category. The cross-reference guide lists other manufacturers devices with 
the suggested Tl replacement. Applications, ordering, and package mechanical information are the last 
sections of the data book. 

While this data book offers design and specification data only for data transmission products, complete 
technical data for any Tl semiconductor product is available from your nearest Tl Field Sales Office, local 
authorized Tl distributor, or by writing directly to: 

Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P.O. Box 809066 
DALLAS, TEXAS 75380-9066 

or telephone the Tl Literature Response number: 1 -800-477-8924. 

We sincerely believe the new 1 995/1 996 Data Transmission Circuits Data Book, Volume 1 will be a valuable 
addition to your collection of technical literature. 



IMPACT and LinBiCMOS are a trademarks of Texas Instruments Incorporated. 
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ALPHANUMERIC INDEX 



AM26C31 2-11 

AM26C32 2-35 

AM26LS31 2-19 

AM26LS32A 2-41 

AM26LS33A 2-41 

AM26LV31 2-27 

AM26LV32 2-51 

AM26S10 2-3 

AM26S11 2-3 

DS8820A 2-657 

DS8830 2-667 

LT1030C 2-57 

MAX232 2-63 

MC1488 2-709 

MC1489 2-725 

MC1489A 2-725 

MC3486 2-69 

MC3487 2-75 

N8T13 2-231 

N8T23 2-231 

SN55107A 2-159 

SN55107B 2-159 

SN55108A 2-159 

SN55108B 2-159 

SN55109A 2-177 

SN55110A 2-177 

SN55113 2-187 

SN55114 2-199 

SN55115 2-207 

SN55116 2-217 

SN55138 2-259 

SN55173 2-465 

SN55182 2-657 

SN55183 2-667 

SN55188 2-709 

SN55189 2-725 

SN55189A 2-725 

SN55ALS056 2-89 

SN55ALS057 2-89 

SN55ALS160 2-357 

SN55ALS161 2-383 

SN55ALS192 2-747 

SN55ALS194 2-769 

SN55ALS195 2-779 

SN55LBC172 2-449 

SN55LBC173 2-479 

SN55LBC174 2-509 

SN55LBC175 2-541 

SN55LBC176 . . 2-605 

SN55LBC976 3-11 

SN65173 2-465 

SN65175 2-525 

SN65176B 2-567 

SN65ALS1 72A . 2-443 



Devices in bold type are new to this data book. 



SN65ALS1 74A 2-503 

SN65ALS176 2-591 

SN65ALS180 2-633 

SN65C185 2-685 

SN65C188 2-717 

SN65C189 2-733 

SN65C189A 2-733 

SN65C198 2-813 

SN65C1154 2-933 

SN65C1167 2-941 

SN65C1168 2-941 

SN65C1406 2-969 

SN65LBC172 2-457 

SN65LBC173 2-487 

SN65LBC174 2-517 

SN65LBC175 2-549 

SN65LBC176 2-605 

SN65LBC179 2-623 

SN65LBC180 2-645 

SN75061 2-107 

SN75107A 2-159 

SN75107B 2-159 

SN75108A 2-159 

SN75108B 2-159 

SN75109A 2-177 

SN75110A 2-177 

SN75112 2-177 

SN75113 2-187 

SN75114 2-199 

SN75115 2-207 

SN75116 2-217 

SN75117 2-217 

SN75118 2-217 

SN75119 2-217 

SN75123 2-231 

SN75124 2-235 

SN75126 2-241 

SN75128 2-247 

SN75129 2-247 

SN75130 2-253 

SN75138 2-259 

SN75140 2-271 

SN75141 2-271 

SN75146 2-279 

SN75150 2-285 

SN75151 2-291 

SN75154 2-303 

SN75155 2-311 

SN75157 2-321 

SN75158 2-327 

SN75159 2-335 

SN75160B 2-347 

SN75161B 2-369 

SN75162B . ..... 2-369 



SN75172 2-435 

SN75173 2-465 

SN75174 2-495 

SN75175 2-525 

SN75176A 2-557 

SN75176B 2-567 

SN75179B 2-615 

SN75182 2-657 

SN75183 2-667 

SN75185 2-675 

SN75186 2-693 

SN75188 2-709 

SN75189 2-725 

SN75189A 2-725 

SN75196 2-791 

SN75207 2-835 

SN75207B 2-835 

SN75276 3-3 

SN75976A 2-875 

SN751177 2-949 

SN751178 2-949 

SN751730 2-985 

SN75ALS053 2-81 

SN75ALS056 2-89 

SN75ALS057 2-89 

SN75ALS085 2-119 

SN75ALS160 2-357 

SN75ALS161 2-383 

SN75ALS162 2-395 

SN75ALS170 2-405 

SN75ALS170A 2-405 

SN75ALS171 2-419 

SN75ALS171A 2-419 

SN75ALS172A 2-443 

SN75ALS173 2-473 

SN75ALS174A 2-503 

SN75ALS175 2-535 

SN75ALS176 2-591 

SN75ALS176A 2-591 

SN75ALS176B 2-591 

SN75ALS180 2-633 

SN75ALS191 2-743 

SN75ALS192 2-747 

SN75ALS193 2-757 

SN75ALS194 2-769 

SN75ALS195 2-779 

SN75ALS197 2-801 

SN75ALS199 2-823 

SN75ALS1177 2-959 

SN75ALS1178 2-959 

SN75ALS1711 2-977 

SN75C185 2-685 

SN75C188 2-717 

SN75C189 2-733 
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SN75C189A ... 2-733 

SN75C198 2-813 

SN75C1154 . .. 2-933 

SN75C1167 ... 2-941 

SN75C1168 . . 2-941 

SN75C1406 2-969 

SN75LBC086 2-135 

SN75LBC088 2-145 

SN75LBC172 2-457 

SN75LBC173 2-487 

SN75LBC174 2-517 

SN75LBC175 2-549 



SN75LBC176 2-605 

SN75LBC179 . . . 2-623 

SN75LBC180 2-645 

SN75LBC187 2-703 

SN75LBC241 2-843 

SN75LBC775 ... . 3-5 

SN75LBC784 2-849 

SN75LBC786 . .. 2-855 

SN75LBC968 2-861 

SN75LBC970 3-7 

SN75LBC971 3-9 

SN75LBC976 2-897 



SN75LBC978 . . . . 2-919 

SN75LV4735 2-991 

SN75LV4737A .... 2-1001 

SN95176B 2-579 

TL145406 2-1023 

TL3695 .... .......... 2-1011 

UA9636AC 2-1033 

UA9637AC 2-1039 

UA9638C .... 2-1045 

UA9639C 2-1049 
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SELECTION GUIDE 



EIA RS-485 



DRIVERS/RECEIVERS 
PER PACKAGE 


DRIVER/RECEIVER 
tpd(ns) 


(mA) 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




27 


27 




SN75ALS173 


2-473 










SN55173 


2-465 




35 


70 




SN65173 


2-465 








AM26LS32 


SN75173 


2-465 










SN55LBC173 


2-479 




30 


11 




SN65LBC173 


2-487 


0/4 








SN75LBC173 


2-487 




27 


27 




SN75ALS175 


2-535 




35 


70 




SN65175 


2-525 




MC3486 


SN75175 


2-525 








SN55LBC175 


2-541 




30 


11 




SN65LBC175 


2-549 










SN75LBC175 


2-549 










SN55LBC176 


2-605 




25/45 


5.4 




SN65LBC176 


2-605 










SN75LBC176 


2-605 




13/19 






SN65ALS176 


2-591 




30 




SN75ALS176 


2-591 




11.5/18 


SN751 76 


SN75ALS176A 


2-591 




10/16.5 




SN75ALS176B 


2-591 




22/37 


50 




TL3695 


2-1011 




60/35 




SN75176A 


2-557 


1/1 




55 




SN65176B 


2-567 




22/35 




SN75176B 


2-567 






70 




SN95176B 


2-579 




22/40 




SN75179B 


2-615 




18/30 


4.2 


SN75179 


SN65LBC179 


2-623 






SN75LBC179 


2-623 




13/19 


55 


SN75ALS180 


SN65ALS180 


2-633 




SN75ALS180 


2-633 




18/30 


4 


SN75ALS180 


SN65LBC180 


2-645 




SN75LBC180 


2-645 




22/37 


50 


MC34050 


SN75ALS1177 


2-959 


2/2 


35/35 


110 


SN751177 


2-949 


22/37 


50 


MC34051 


SN75ALS1178 


2-959 




35/35 


110 


SN751178 


2-949 




13/19 


90 


SN75ALS170 


SN75ALS170 


2-405 


3/3 


SN75ALS171 


SN75ALS171 


2-419 




22/37 


72 


SN75ALS1711 


2-977 
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SELECTION GUIDE 



EIA RS-485 (continued) 



DRIVERS/RECEIVERS 
PER PACKAGE 


DRIVER/RECEIVER 
tpd(ns) 


ice 

(mA) 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




22 


55 




SN65ALS172A 


2-443 




AM26LS31 


SN75ALS172A 


2-443 




65 


60 




SN75172 


2-435 










SN55LBC172 


2-449 




20 


7 


AM26LS31 


SN65LBC172 


2-457 


4/0 








SN75LBC172 


2-457 




22 


55 




SN75ALS174A 


2-503 




65 


60 




SN75174 


2-495 








MC3487 


SN55LBC174 


2-509 




20 


7 




SN65LBC174 


2-517 










SN75LBC174 


2-517 




19.6/33 


45 


SN75LBC976 


SN75LBC976 


2-897 


9/9 


10/10 


60 


SN75976A 


2-875 




26.4/30.7 


45 


SN75LBC978 


SN75LBC978 


2-919 
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EIA RS-422-A, CCITT v.11 



DRIVERS/RECEIVERS 

PER PACKAGE 


DRIVER/RECEIVER 
tpd (ns) 


ice 

(mA) 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




25 




SN75157 


OIN 1 \J 1 «J/ 


2—321 


0/2 


ouu 


ou 


UA9637 


OlN/ O I*tD 


2—279 






iiAQ6T7A 


2—1 039 




oo 


ou 


• lAQfi^Q 


i i AQfi^Q 


2—1 049 




30 


14 






2—35 








2-41 




07 


07 




CM7CAI Q17^ 
OIN 1 OnLO 1 f O 


2—473 




22 


35 




CM7KAI CIOQ 

OIN 1 OAM.O 1 90 


2—757 




AM26LS32 


9N75AI S1Q7 


2—801 










2—41 










AMPfil S3^A 


2—41 




35 


70 




OINvlvJ 1 / V* 


2—465 


0/4 








OINVJvJ 1 I v? 


2—465 










^N75173 

OIN / sj 1 / O 


2—465 




27 


27 




SN7RAI S175 

OlMf vJA\L.O 1 / \J 


2—535 










SN55ALS195 


2-779 




22 


35 




SN75ALS195 

Will UALv/ 1 w \J 


2-779 








MC3486 


SN75ALS199 


2-823 






70 




SN65175 


2-525 




35 




SN75175 

Oil f \J \ 1 \J 


2-525 






70 




MC3486 


2-69 




13/19 






SN65ALS176 


2-591 




30 




SN75ALS176 


2-591 




11.5/18 




SN75ALS176A 


2-591 




10/16.5 






SN75ALS176B 


2-591 




60/35 


50 


SN75176 


SN75176A 

Ol X » w 1 # w/\ 


2-557 


1/1 


22/37 


50 




Ti 3695 


2-1011 




55 




OmUO 1 1 V/LJ 


2-567 




22/35 




OIN / O I f OD 


2—567 






70 




SN95176B 


2-579 




22/40 


SN75179 


SN75179B 


2-615 




13/19 


30 


SN75ALS180 


SN65ALS180 


2-633 




SN75ALS180 


2-633 




25 


50 


SN75158 


SN75158 


2-327 


2/0 


65 


SN75159 


SN75159 


2-335 


7 


40 


UA9638 


SN75ALS191 


2-743 




15 


65 


UA9638 


2-1045 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75266 1-7 



SELECTION GUIDE 



EIA RS-422-A, CCITT v.11 (continued) 



DRIVERS/RECEIVERS 
PER PACKAGE 


DRIVER/RECEIVER 


ice 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




12/27 


9 




OlNOOO MO/ 


^— y*f 1 




MC34050 


CM7KPHfi7 
OIN/ D\j I ID/ 






90/07 


OU 


OlN/OHLO II// 


<£— yoy 


2/2 


OO/OO 


I IU 




CNI751177 
OIN /Oil// 




12/27 


9 




OINDOO 1 1 DO 


2—941 




MC34051 




2—941 




22/37 


50 


^N75AI ^11 7ft 

OIN / OANLO I 1 / O 


2—959 




35/35 


110 




QM7*>117ft 

O'N/ D II IO 


2—949 




13/19 


90 


^N7^AI S170 

OIN 1 \Jf\l—KJ 1 / U 


OIN 1 «JA\l_0 1 1 \l 


2—405 


3/3 


22/37 


72 


SN75ALS171 


CIN75AI ^1711 

OIN / vJ/ALO 1 / 1 I 


2—977 




13/19 


90 


SN75AI 55171 

01 \jrM_o 1 1 1 


2-419 




12 


3 




MIVI^DOO 1 


2—11 




14 


45 




OINOOMLO 1 »7<C 


2—747 






OIN / OMLO I 


O 747 
<c— / *f / 




22 


55 


Aiioei eon 

MM^OLOO 1 


QNIA5AI Q179A 
OiNOOMLO I / c.r\ 


^—** e t O 






^N7*5AI 91 79 A 
OIN / OnLO 1 / tn 


2—443 




65 


60 




OIN / O I / c. 


t— *too 


4/0 


20 


80 




AM26LS31 


2-19 


14 


45 




SN55ALS194 


2-769 






SN75ALS194 


2-769 




22 


55 


MC3487 


SN65ALS174A 


2-503 




SN75ALS174A 


2-503 




65 


60 




SN75174 


2-495 




20 


80 




MC3487 


2-75 




30 


SN75151 


SN75151 


2-291 



EIA/TIA-423-B, CCITT V.10t 



DRIVERS/RECEIVERS 
PER PACKAGE 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 


4/4 


SN75LBC784 


SN75LBC784 


2-849 


4/4 


SN75LBC876 


SN75LBC786 


2-855 


2/0 


UA9636A 


UA9636A 


2-1033 



t All RS-422 receivers apply to 423. 
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SELECTION GUIDE 



EIA/TIA-232, CCITT V.28 



DRIVERS/RECEIVERS 
PER PACKAGE 


SUPPLY VOLTAGE(S) 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 








MP.14RQ 

IVI \J 1 *t057 


2—725 










2—725 










2—725 










2—725 




5V 


MC1489 


8QA 


2-725 


0/4 


SN75189A 


2-725 










2-733 








WIN / <JV«> 1 OO 


2-733 








SN65C18QA 


2-733 










2—733 




5 V or 19 V 

\J V \JI 1 C V 






2-303 


1/1 


±5 V 




SN75155 


2-311 


2/0 


±12V 




SN751 50 

WIN f \J 1 WW 


2-285 




uAQ636A 


2-1 033 


2/2 


5 V 


MAX?*}? 


MAXP39 


2-63 




±5V 




SN65C1406 


2-969 


3/3 


MC1 45406 


SN75C1406 


2-969 


±12V,5V 


TL1 45406 


2-1023 






SN75185 


2-675 




±5V 


SN75C185 


SN65C185 


2-685 




±5 V 


SN75C185 


SN75C185 


2-685 


3/5 


5V 


SN75LBC187 


SN75LBC187 


2-703 




3V 


SN75LV4735 


SN75LV4735 


2-991 




3 V or 5 V 


SN75LV4737A 


SN75LV4737A 


2-1001 


4/0 


±9V 


MC1488 


MCI 488 


2-709 




±9V 




SN551 88 


2-709 




MC1488 


CM7K1 Oft 


2—709 








2-717 


4/0 






SN75C188 


2-717 




±5V 


LT1030 


LT1030C 


2-57 






SN75C198 


SN65C198 


2-813 






SN75C198 


2-813 




±12V,5V 


SN75186 


SN75186 


2-693 


4/4 


±5V 


SN75C1154 


SN65C1154 


2-933 




SN75C1154 


2-933 


4/5 


5V 


MAX241 


SN75LBC241 


2-843 
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SELECTION GUIDE 



miscellaneous standards 



STANDARD 


DRIVER/RECEIVER 
PER PACKAGE 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




9/9 


OIN / OnLOUOO 


9N7RAI 9nft*i 
oin I snuuvOiJ 


2—119 




1/1 
1/ I 


QM7CI opnofi 

OIN/OLDOUOO 


OIN / QLDOUOO 


9—1 95 
<£— I oo 




17/10 


OIN f OL.Dv^UOO 


OM7CI RnORR 
OIN 1 OLDuUOO 


2—145 






UOOOs70 


OIN/OrM_OUOO 


2—81 




4/4 


DS3897 




2—89 






SN75ALS057 


2-89 






DS3896 


^NS^AI SO^fi 


2-89 






SN75ALS056 


2-89 








SN55ALS160 


2-357 






SN751 60 


SN75160B 


2-347 




8/8 




SN75ALS160 


2-357 


IEEE 488 (GPIB) 




OliujnLu 1 vj 1 


2—383 




SN75161 


SN751fi1R 


2-369 








SN7*1AI S161 


2-383 






SN75162 


OIN / %J 1 


2-369 






SN75AI S169 

OIN 1 vJAAL-O 1 


2—395 




0/3 


N8T24 


SN75124 


2-235 




0/8 


SN75128 


SN75128 


2-247 




SN75129 


SN75129 


2-247 


IBM 360/370 


2/0 


N8T23 


SN75123 


2-231 


N8T23 


2-231 




3/3 


SN751730 


SN751730 


2-985 




4/0 


MC3481 


SN75126 


2-241 




MC3485 


SN75130 


2-253 
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SELECTION GUIDE 



general purpose 



DRIVERS/RECEIVERS 
PER PACKAGE 


TYPE OF 
LINE CIRCUIT 


nmjii ib. \ I 

DRVR (n\jl 

RVR (Vth) 
• * \ hi/ 


FOOTPRINT 


DEVICE TYPE 


PAGE 
NUMBER 




Differential, - 1 5 < V|cm < 1 5 V 


1000 mV 


DS8820 


DS8820A 


2-657 


0/2 


SN551 82 


2-657 


Differential, —3 < V|CM < 3 V 


10 mV 


SN75107 


SN75207 


2-835 




Differential, - 1 5 < Vicm < 1 5 V 


1000 mV 


DS8820 


SN75182 


2-657 




Differential, -3 < Vicm < 3 V 


10 mV 




SN75207B 


2-835 










SN55107A 


2-159 










SN551 07B 


2-159 










SN751 07A 


2-159 










SN75107B 


2-159 




Differential, - 6 < Vicm < 6 V 


25 mV 


SN75107 


SN75207 


2-835 






SN75207B 


2-835 


0/2 








SN55108A 


2-159 










SN55108B 


2-159 










SN75108A 


2-159 










SN75108B 


2-159 




Differential, - 1 5 < Vicm < 1 5 V 


1000 mV 


SN75115 


SN55115 


2-207 




SN75115 


2-207 




Single Ended 


Adjustable 


SN75140 


SN75140 


2-271 




SN75141 


SN75141 


2-271 


0/4 


Differential, - 1 5 < Vicm < 1 5 V 


0.5 V 


AM26LS32 


AM26L,S33A 


2—41 




Differential, -15 < V|qm < 15 V 




SN75116 


SN55116 


2-217 






SN75116 


2-217 


1/1 


Differential, 0 < Vicm < 6 V 


100 £2/1000 mV 


SN75117 


SN75117 


2-217 




Differential, - 1 5 < Vicm < 1 5 V 




SN75118 


SN75118 


2-217 




Differential, 0 < V\CM < 6 V 




SN75119 


SN75119 


2-217 










DS8830 


2-667 


2/0 


Differential, Voltage Mode 


100 a 


DS8830 


SN55183 


2-667 










SN75183 


2-667 








SN75109 


SN551 09A 


2-177 








SN75109A 


2-177 




Differential, Current Mode 


NA 


SN75110 


SN55110A 


2-177 








SN75110A 


2-177 


2/0 






SN75112 


SN75112 


2-177 








SN75113 


SN55113 


2-187 




Differential, Voltage Mode 


100 Q 


SN75113 


2-187 




SN75114 


SN55114 


2-199 








SN75114 


2-199 




Single Ended, Open Collector 


50 Q 


AM26S10 


AM26S10C 


2-3 


4/4 


AM26S11 


AM26S11C 


2-3 


Single Ended, Open Collector 


50 CI 


SN75138 


SN55138 


2-259 




SN75138 


2-259 
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CROSS-REFERENCE GUIDE 



Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 

Manufacturers are arranged in alphabetical order. 



ANALOG 
DEVICES 



ADM1485 
ADM232LC 
ADM232L1 
ADM241 L 
ADM485 



SUGGESTED 
Tl 

REPLACEMENT 

SN75LBC176 

MAX232C 

MAX232I 

SN75LBC241 

SN75LBC176 



PAGE 
NO. 



2-605 

2-63 

2-63 

2-843 

2-605 



LINEAR 
TECHNOLOGY 

LT1030 

LT1081 

LTC1485 

LTC485 

LTC486 

LTC487 

LTC488 

LTC490 

LTC491 

LTC498 



SUGGESTED 
Tl 

REPLACEMENT 

LT1030C 

MAX232C 

SN75LBC176 

SN75LBC176 

SN75LBC172 

SN75LBC174 

SN75LBC173 

SN75LBC179 

SN75LBC180 

SN75LBC175 



PAGE 
NO. 

2-57 

2-63 

2-605 

2-605 

2-457 

2-517 

2-487 

2-623 

2-645 

2-549 



MAXIM 

MAX232 
MAX241 
MAX487 
MAX488 
MAX489 



SUGGESTED 
Tl 

REPLACEMENT 

MAX232 

SN75LBC241 

SN75LBC176 

SN57LBC179 

SN75LBC180 



PAGE 
NO. 

2-63 

2-843 

2-605 

2-623 

2-645 
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CROSS-REFERENCE GUIDE 



MOTOROLA 



SUGGESTED 
Tl 

REPLACEMENT 



PAGE 
NO. 



AM26LS31 


AM26LS31C 


2-19 


AM26LS32 


AM26LS32A 


2-41 


MC1 45406 


TL1 45406 


2-1023 


MC1488 


SN75188 


2-709 


MC1489 


SN75189 


2-725 


MC1489A 


SN75189A 


2-725 


MC14C89 


SN75C189 


2-733 


MC14C89A 


SN75C189A 


2-733 


MC26LS31 


AM26LS31 


2-19 


MC26S10 


AM26S10 


2-3 


MC34050 


SN751177 


2-949 


MC34051 


SN751178 


2-949 


MC3481 


SN75126 


2-241 


MC3485 


SN75130 


2-253 


MC3486 


MC3486 


2-69 


MC3487 


MC3487 


2-75 


MC3488A 


UA9636AC 


2-1033 


MC75107 


SN75107A 


2-159 


MC75108 


SN75108A 


2-159 


MC75108 


SN75108B 


2-159 


MC75128 


SN75128 


2-247 


MC75129 


SN75129 


2-247 


MC75172B 


SN75172 


2-435 


MC75174B 


SN75174 


2-495 


MC75S110 


SN75110A 


2-177 


SN75172 


SN75172 


2-435 


SN75173 


SN75173 


2-465 


SN75175 


SN75175 


2-525 
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CROSS-REFERENCE GUIDE 



tVTIONAL PAGE 

CONDUCTOR REPLACEMENT N0 ' 

DS14185 SN75185 2-675 

DS1488 SN75188 2-709 

DS1489 SN75189 2-725 

DS1489A SN75189A 2-725 

DS14C232C MAX232C 2-63 

DS14C232T MAX232I 2-63 

DS14C241 SN75LBC241 2-843 

DS14C335 SN75LV4737A 2-1001 

DS14C535 SN75LV4737A 2-1001 

DS14C88 SN75C188 2-717 

DS14C88T SN65C188 2-717 

DS14C89 SN75C189 2-733 

DS14C89A SN75C189A 2-733 

DS14C89AT SN65C189A 2-733 

DS14C89T SN65C189A 2-733 

DS16F95 SN75LBC176 2-605 

DS26C31M AM26C31M 2-11 

DS26C31T AM26C31I 2-11 

DS26C32AM AM26C32M 2-35 

DS26C32AT AM26C32I 2-35 

DS26F31C SN75ALS192 2-747 

DS26F31M SN55ALS192 2-747 

DS26F32C SN75ALS193 2-757 

DS26LS31C AM26LS31C 2-19 

DS26LS31M AM26LS31M 2-19 

DS26LS32 AM26LS32A 2-41 

DS26LS32M AM26LS32AM 2-41 

DS26LS33C AM26LS33AC 2-41 

DS26S10 AM26S10 2-3 

DS26S11 AM26S11 2-3 

DS3486 MG3486 2-69 

DS3487 MC3487 2-75 

DS34F86 SN75ALS195 2-779 

DS34F87 SN75ALS194 2-769 
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ATIONAL 
CONDUCTOR 


SUGGESTED 
Tl 

REPLACEMENT 


PAGE 
NO 


DS35F86 


SN55ALS195 


2-779 


DS35F87 


SN55ALS194 


2-769 


DS3695 


TL3695 


2-1011 


DS3695A 


TL3695 


2-1011 


DS3695T 


TL3695I 


2-1011 


DS36F95 


SN75ALS176 


2-591 


DS55107 


SN55107B 


2-159 


DS55108 


SN55108B 


2-159 


DS55110A 


SN55110A 


2-177 


DS55113 


SN55113 


2-187 


DS55173 


SN55173 


2-465 


DS75107 


SN75107A 


2-159 


DS75107A 


SN75107B 


2-159 


DS75108 


SN75108A 


2-159 


DS75108A 


SN75108B 


2-159 


DS75110A 


SN75110A 


2-177 


DS75113 


SN75113 


2-187 


DS75114 


SN75114 


2-199 


DS75115 


SN75115 


2-207 


DS75123 


SN75123 


2-231 


DS75124 


SN75124 


2-235 


DS75129 


SN75129 


2-247 


DS75150 


SN75150 


2-285 


DS75154 


SN75154 


2-303 


DS75176B 


SN75176B 


2-567 


DS75176BT 


SN65176B 


2-567 


DS7820A 


SN55182 


2-657 


DS7830 


SN55183 


2-667 


DS8820 


DS8820A 


2-657 


DS8820A 


SN75182 


2-657 


DS8830 


DS8830 


2-667 


DS8832 


SN75183 


2-667 


DS96110A 


SN75110A 


2-177 


DS9614 


SN55114 


2-199 
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CROSS-REFERENCE GUIDE 



ATIONAL 
CONDUCTOR 


SUGGESTED 
Tl 

REPLACEMENT 


PAGE 
NO. 


DS9615 


SN55115 


2-207 


DS96172 


SN75172 


2-435 


DS96172C 


SN75172 


2^35 


DS96173C 


SN75173 


2-465 


DS96174C 


SN75174 


2-495 


DS96175C 


SN75175 


2-525 


DS96176C 


SN75176B 


2-567 


DS9636AC 


UA9636AC 


2-1033 


DS9637AC 


UA9637AC 


2-1039 


DS9638C 


UA9638G 


2-1045 


DS9639AC 


UA9639C 


2-1049 


DS96F172C 


SN75ALS172A 


2-443 


DS96F173C 


SN75ALS173 


2-473 


DS96F174C 


SN75ALS174A 


2-503 


DS96F175 


SN75ALS175 


2-535 
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AM26S10C, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 



SLLS116B- JANUARY 1 977 - REVISED MAY 1 995 



• Schottky Circuitry for High Speed, Typical 
Propagation Delay Time . . . 12 ns 

• Drivers Feature Open-Collector Outputs for 
Party-Line (Data Bus) Operation 

• Driver Outputs Can Sink 100 mA at 0.8 V 
Maximum 

• PNP Inputs for Minimal Input Loading 

• Designed to Be Interchangeable With 
Advanced Micro Devices AM26S10 and 
AM26S11 

description 



D OR N PACKAGE 
(TOP VIEW) 



GND [ 
1B[ 
1R 
1D 
2D[ 
2R 
2B 

GND 



T7 



v C c 

4B 

4R 

4D 

S 

3D 

3R 

3B 



THE AM26S11 IS NOT RECOMMENDED 
FOR NEW DESIGNS 



The AM26S10C and AM26S11C are quadruple 
bus transceivers utilizing Schottky-diode- 
clamped transistors for high speed. The drivers 
feature open-collector outputs capable of sinking 
1 00 mA at 0.8 V maximum. The driver and strobe 
inputs use pnp transistors to reduce the input 
loading. 

The driver of the AM26S10C is inverting; the driver of the AM26S11C is noninverting. Each device has two 
ground connections for improved ground current-handling capability. For proper operation, the ground pins 
should be tied together. 

The AM26S10C and AM26S11C are characterized for operation over the temperature range of 0°C to 70°C. 



Function Tables 



AM26S10C 
(transmitting) 



INPUTS 


OUTPUTS 


S D 


B R 


L H 
L L 


L H 
H L 



AM26S11C 
(transmitting) 



INPUTS 


OUTPUTS 


S D 


B R 


L H 
L L 


H L 
L H 



AM26S10C AND AM26S11C 



(receiving) 



INPUTS 


OUTPUT 


S 


B 


D 


R 


H 


H 


X 


L 


H 


L 


X 


H 



H = high level, L = low level, X = irrelevant 



PRODUCTION DATA Information Is current as of Duplication date. » Copyright © 1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments m am 

standard warranty. Production processing does not necessarily Include Wp nTU VA o 

testing of all parameters. _/Vr 1EXAS 
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AM26S10C,AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

SLLS1 1 6B - JANUARY 1 977 - REVISED MAY 1995 



logic symbolst 



AM26S10C 



AM26S11C 



1D 
1R 
2D 
2R 
3D 
3R 
4D 
4R 



12 
4 


EN1 


2 


> 1£ 


3 4 




< 


5 
6 
11 
10 




7 
9 






13 

14 ^ 




15 





1B 

2B 
3B 
4B 



1D 
1R 
2D 
2R 
3D 
3R 
4D 
4R 



12 


EN1 

Tin- - - JT 


2 


4 rs 


> 1£> 


3 




< 


6 is 




^ 7 




6 


9 


" rs 




10 


13 rs 


15 




14 ^ 







1B 

2B 
3B 
4B 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagrams (positive logic) 



12 



AM26S10C 



AM26S11C 



1D 
1R 

2D 
2R 

3D 
3R 

4D 
4R 



10 



13 



14 



— <y 



1B 



2B 



3B 



15 



4B 



1D 
1R 

2D 
2R 

3D 
3R 

4D 
4R 



10 



13 



1B 



2B 



3B 



15 



4B 
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AM26S10C.AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

SLLS116B- JANUARY 1977- REVISED MAY 1995 



schematic (each transceiver) 
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AM26S10C, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 



SLLS116B - JANUARY 1977 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) -0.5 V to 7 V 

Driver or strobe input voltage range, V| -0.5 V to 5.5 V 

Bus voltage range, driver output off, Vq • ■ • -0.5 V to 5.25 V 

Driver or strobe input current range, l| . -30 mA to 5 mA 

Driver output current, Iq 200 mA 

Receiver output current, lo — • • • • • 30 mA 

Continuous total power dissipation — See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds — 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminals connected together. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-levael input voltage, Vm 


DorS 


2 


V 


B 


2.25 


Low-level input voltage, V||_ 


DorS 


0.8 


V 


B 


1.75 


Receiver high-level output current, Iqh 


-1 


mA 


Low-level output current, Iql 


Driver 


100 


mA 


Receiver 


20 


Operating free-air temperature, Ta 


0 70 


°C 
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AM26S10C.AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

SLLS116B- JANUARY 1977- REVISED MAY 1995 



electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


D orS 


Vqc -4.75 V, l|--18mA 


-1.2 


V 


Voh High-level output voltage 


R 


VCC -4.75 V, V|H-2V, V||_«0.8V, 
IOH--1 rnA 


2.7 3.4 


V 


Voh Low-level output voltage 


R 


Vcc - 4.75 V, V|H - 2 V, 
V|L - 0.8 V 


lOL - 20 mA 


0.5 


V 


B 


lOL - 40 mA 


0.33 0.5 


lOL - 7n ™A 


0.42 0.7 


Iql- 100 mA 


0.51 0.8 


'O(off) Off-stage output current 


B 


V| H = 2V, 
V|L = 0.8V 


Vcc - 5.25 V, V 0 - 0.8 V 


-50 


• •A 

jjA 


Vcc -5.25 V, V 0 -4.5V 


lUU 


Vcc-0. V 0 = 4.5V 


lUU 


l|H High-level input current 


D 


Vcc = 5.25 V, V| = 2.7 V 


30 


HA 


S 


20 


. Input current at maximum 
' input voltage 


DorS 


Vcc = 5-25 V, V| = 5.5 V 


100 


MA 


1 1 1_ Low-level input current 


D 


Vcc - 5.25 V, V| = 0.4V 


-0.54 


mA 


S 


-0.36 


Iqs Short-circuit output current* 


R 


Vcc - 5.25 V 


-18 -60 


mA 


ICC Supply current 


Vcc = 5.25 V, Strobe at 0 V, No load, 
All driver outputs low 


45 70 


mA 


80 



t All typical values are at Ta = 25°C and Vcc - 5 V. 

t Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, Vqq = 5 V, Ta = 25°C 



PARAMETER 


FROM 


TO 


TEST 


AM26S10C 


AM26S11C 


UNIT 


(INPUT) 


(OUTPUT) 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


tPLH 


Propagation delay time, 
low-to-high-level output 


D 


B 






10 


15 




12 


19 


ns 


tPHL 


Propagation delay time, 
high-to-low-level output 






10 


15 




12 


19 


tPLH 


Propagation delay time, 
low-to-high-level output 


S 


B 






14 


18 




15 


20 


ns 


tPHL 


Propagation delay time, 
high-to-low-level output 


See Figure 1 




13 


18 




14 


20 


tPLH 


Propagation delay time, 
low-to-high-level output 


B 


R 




10 


15 




10 


15 


ns 


tPHL 


Propagation delay time, 
high-to-low-level output 






10 


15 




10 


15 


*TLH 


Transition time, 
low-to-high-level output 




B 




4 


10 




4 


10 




ns 


*THL 


Transition time, 
high-to-low-level output 






2 


4 




2 


4 
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AM26S10C,AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

SLLS11 6B - JANUARY 1 977 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 



Pulse 
Generator 
(see Note A) 



vcc 



AM26S11C 



I AM26S10C I 







Pulse 
Generator 
(see Note A) 


S 



50 pF- 
(see Note B)' 



Receiver 



so a 

—W\r- 



280 Q< 



15 pF . 
(see Note B) 



See Note C 



TEST CIRCUIT 



AM26S11C 



Driver Input 



Strobe Input 




-H W- ^LH -H m- tpHL J |4- tPLH -w k- tpHL 
D to B D to B | S to B I StoB 



Bus 



'I 



1 



r 



3V 
1.5 V 
0V 
3V 
1.5 V 
0V 

VOH 
1.5 V 

vol 



-*! l^-tPHL "*l |^tp L H -M h-tpHL "H |^-tp L H 
| B to R | B to R | B to R | B to R 

\l ~ \\ I/ V OH 



Receiver Output 



1.5 V 

vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: Zo = 50 Q, t r = 1 0 ± 5 ns. 

B. Includes probe and jig capacitance. 

C. All diodes are 1 N91 6 or equivalent. 

Figure 1. Test Circuit and Voltage Waveforms 
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AM26S10C,AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 

SLLS11 6B - JANUARY 1 977 - REVISED MAY 1995 



5V 



100 Q 

-AM — 



100 Q 

—AAA/ — 



100 Q 

—AAA/ — 



100 Q 

-AAA/ — 



APPLICATION INFORMATION 



Strobe 



Strobe 



Strobe 



Driver 
Inputs 



Receiver 
Outputs 



Driver 
Inputs 



DDDD 



S R 
R 
R 

B B B B R 



AM26S10C/ 
AM26S11C 



Receiver 
Outputs 



Driver 
Inputs 



DDDD S 

AM26S10C/ R 
AM26S11C r 

B B B B R 



Receiver 
Outputs 



DDDD S R 

AM26S10C/ R 
AM26S11C r 

B B B B R 



100-ft Transmission Line 



100 Q 



100 Q 

-AAA/ — 



100 Q 

—AAA> — 



100 Q 



5V 



Figure 2. Party-Line System 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



SLLS103D - DECEMBER 1990 - REVISED MAY 1995 



Meet or Exceed the Requirements of ANSI 
EIA/TIA-422-B and ITU Recommendation 
V.11 

Low Power, Ice = 100 llA Typ 
Operate From a Single 5-V Supply 
High Speed, t PLH = tpHL = 7 ns Typ 
Low Pulse Distortion, t S k( p ) = 0.5 ns Typ 
High Output Impedance in Power-Off 
Conditions 

Improved Replacement for AM26LS31 



description 



The AM26C31 C, AM26C31 1, and AM26C31 M are 
four complementary-output line drivers designed 
to meet the requirements of ANSI EIA/TIA-422-B 
and ITU (formerly CCITT). The 3-state outputs 
have high-current capability for driving balanced 
lines such as twisted-pair or parallel-wire 
transmission lines, and they provide the high-im- 
pedance state in the power-off condition. The 
enable function is common to all four drivers and 
offers the choice of an active-high or active-low 
enable input. BiCMOS circuitry reduces power 
consumption without sacrificing speed. 

The AM26C31C is characterized for operation 
from 0°C to 70°C, the AM26C31 1 is characterized 
for operation from -40°C to 85°C, and the 
AM26C31M is characterized for operation from 
-55°C to125°C 



AM26C31C, AM26C31I . . . D OR DBt OR N PACKAGE 
AM26C31M ... J OR W PACKAGE 
(TOP VIEW) 




t The DB package is only available left-ended taped 
(order AM26C31 IDBLE or AM26C31 CDBLE). 

AM26C31 M . . . FK PACKAGE 
(TOP VIEW) 




< Q O < >- 

CM Z Z 00 00 

O 

NC - No internal connection 



FUNCTION TABLE 



(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level X = irrelevant 

L = low level Z = high impedance (off) 



PRODUCTION DATA information Is current as of publication data. ■ . Copyright © 1995, Texas Instruments Incorporated 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



SLLS103D - DECEMBER 1990 - REVISED MAY 1995 



logic symbolt logic diagram (positive logic) 




t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and 
IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1) — -0.5 V to 7 V 

Input voltage range, V| — . — -0.5 V to Vqc + 0.5 V 

Differetial input voltage range, V|q — . — - 1 4 V to 1 4 V 

Output voltage range, Vq -0.5 V to 7 V 

Input or output clamp current, Ijk or Iqk ±20 m A 

Output current, lo • ±150 mA 

V C c current . . . . 200 mA 

GND current -200mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: AM26C31C 0°Cto70°C 

AM26C31I -40°Cto85°C 

AM26C31M -55°Cto125°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds — . — 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values, except differential output voltage (Vqd). ar © witn respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 




DW 


781 mW 


6.2 mW/°C 


502 mW 


409 mW 




N 


1150 mW 


9.2mW/°C 


736 mW 


598 mW 




FK 


1375 mW 


11 mW/°C 






275 mW 


J 


1375 mW 


11 mW/°C 






275 mW 


W 


1000 mW 


8.0mW/°C 






200 mW 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D - DECEMBER 1990- REVISED MAY 1995 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


Differential input voltage, V| p 


±7 




High-level input voltage, Vih 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Ioh 


-20 


mA 


Low-level output current, Iql 


20 


mA 


Operating free-air temperature, T/\ 


AM26C31C 


0 70 


°C 


AM26C31I 


-40 85 


AM26C31M 


-55 125 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


AM26C31C 
AM26C31I 


UNIT 


MIN TYPt MAX 


v OH High-level output voltage 


lO - -20 mA 


3.8 4.5 


V 


Vql Low-level output voltage 


Iq = 20 mA 


0.2 0.4 


V 


IVqd 1 Differential output voltage magnitude 


R|_=100Q, See Figure 1 


2 3.1 


V 


AIVqd 1 Change in magnitude of differential output voltage* 


±0.4 


V 


VQC Common-mode output voltage 


3 


V 


AlVoc 1 Change in magnitude of common-mode output voltage* 


±0.4 


V 


l| Input current 


V| = VccorGND 


±1 


UA 


'O(off) Driver output current with power off 


Vcc = 0, V 0 = 6V 


100 


fiA 


Vcc = 0. Vo = -0.25 V 


-100 


lOS Driver output short-circuit current 


Vo*0 


-30 -150 


mA 


lOZ Off-state (high-impedance-state) output current 


V 0 = 2.5 V 


20 


HA 


Vo * 0.5 V 


-20 


MA 


Ice Quiescent supply current 


l o = 0, V|«0Vor5V 


100 


HA 


Iq = 0, V| = 2.4 V or 0.5 V, 
See Note 2 


1.5 3 


mA 


c| Input capacitance 




6 


pF 


R| Input resistance Vic = -7 V to 7 V 


4 17 





t All typical values are at Vcc ■ 5 v and T A = 25 °C- 

* AIVod' aTV * AlVoc' are tne changes in magnitude of Vqd and v OC> respectively, that occur when the input is changed from a high level to a low 
level. 

NOTE 2: Measured per input. All other inputs are at 0 or 5 V. 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D- DECEMBER 1990 - REVISED MAY 1995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


AM26C31M 


UNIT 


MIN TYPt MAX 


V/*m_i Hinh-lov/pl ni itm it v/nltane 


Iq = -20 mA 


Ta = 25°C 


3.8 4.5 


V 


TA = -55°Cto125°C 


2.2 


Vql Low-level output voltage 


lO = 20 mA 


0.2 0.4 


V 


... . Differential output voltage 
IV 0 Dl magnitude 


R[_ = 1 00 Q, See Figure 1 


2 3.1 


V 


... . Change in magnitude of 
Al V ° D ' differential output voltage* 


±0.4 


V 


Voc Common-mode output voltage 


o 
O 


V 


|V . Change in magnitude of 

common-mode output voltage* 


±0.4 


V 


l| Input current 


V| = VccorGND 


±1 


ma 


Driver output current with Dower 


V C C = 0, V 0 = 6V 


100 


ma 


VCC = 0> Vq = -0.25 V 


-100 


. Driver output short-circuit 
OS current 


vo = o 


Ta = 25°C 


-30 -150 


mA 


TA = -55°Cto125°C 


-170 


. Off-state (high-impedance- 
^ z state) output current 


V 0 = 2.5 V 


20 


MA 


Vo*0.5V 


-20 


ma 


ICC Quiescent supply current 


i o = 0, V| = 0Vor5V 


100 


ma 


IO = 0, V| = 2.4 V or 0.5 V, 
See Note 2 


Ta = 25°C 


1.5 3 


mA 


TA*-55°Cto125 <> C 


3.2 


C| Input capacitance 




6 


PF 


R| Input resistance 


V|c = -7Vto7V 


4 17 





t All typical values are at Vcc = 5 V and Ta = 25°C. 

* AIVod' and AlVoc' are tne changes in magnitude of Vqd ar| d v OC« respectively, that occur when the input is changed from a high level to a low 
level. 

NOTE 2: Measured per input. All other inputs are at 0 V or 5 V. 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D - DECEMBER 1990 - REVISED MAY 1995 



switching characteristics, V cc = 5 V, T A = 25°C 











AM26C31C 








PARAMETER 


TEST CONDITIONS 


AM26C31I 




UNIT 










MIN TYP 


MAX 






Propagation delay time, low- to high-level 
output 






9 17 


27 


ns 


tPHL 


Propagation delay time, high- to low-level 
output 


S1 is open, 


See Figure 2 


9 17 


27 


ns 


! sk(p) 


Pulse skew time (ltp|_H - tpHU) 






0.5 


4 


ns 


*r(OD). tf(OD) 


Differential output rise and fall times 


S1 is open, 


See Figure 3 


5 


10 


ns 


tpZH 


Output enable time to high level 






10 


19 


ns 


tpZL 


Output enable time to low level 


S1 is closed, 


See Figure 4 


10 


19 


ns 


tPHZ 


Output disable time from high level 


7 


16 


ns 


tPLZ 


Output disable time from low level 






7 


16 


ns 


Cpd 


Power dissipation capacitance (see Note 3) 


No load 


100 


PF 


switching characteristics, Vqc = 5 V, Ta = -55°C to 125°C 


PARAMETER 


TEST CONDITIONS 


AM26C31M 


UNIT 


MIN TYPt 


MAX 


tPLH 


Propagation delay time, low-to-high-level 
output 






9 17 


27 


ns 


tPHL 


Propagation delay time, high-to-low-level 
output 


S1 is open, 


See Figure 2 


9 17 


27 


ns 


tsk(p) 


Pulse skew time (I tp|_n - tpnU) 






0.5 


4 


ns 


*r(OD). tf(OD) 


Differential output rise and fall times 


SI is open, 


See Figure 3 


5 


12 


ns 


tpZH 


Output enable time to high level 






10 


19 


ns 


tPZL 


Output enable time to low level 


S1 is closed, 


See Figure 4 


10 19 


ns 


tPHZ 


Output disable time from high level 


7 


16 


ns 


tPLZ 


Output disable time from low level 






7 


16 


ns 


Cpd 


Power dissipation capacitance (see Note 3) 


No load 


100 


PF 



t All typical values are at Vcc = 5 V and T/^ = 25°C. 

NOTE 3: Cpd is used to estimate the switching losses according to Pp = Cpd Vcc 2 f » where Pp is in watts, Cpd is in farads, Vcc is ' n volts > an d 
f is in hertz. 
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AM26C31 C, AM26C31 1, AM26C31 M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D - DECEMBER 1990 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 



R L /2 



VQD2 



R L /2 Vqc 



Figure 1. Differential and Common-Mode Output Voltages 



Input 




See Note A -L 
TEST CIRCUIT 



1.5 V 



Input A 
(see Note B) 



Output Y 



Output Z 



1.3 V 



1.3 V 



tPLH 



tPHL" 



50% 
1 1.3 V 



*8k(p) 

K 

1.3 VT* 



tPHL~M 



tPLH" 



3 V 



r*-t sk(p) 




F50% 
1.3V 



Figure 2. Propagation Delay Time and Skew Waveforms and Test Circuit 

NOTES: A. C1- C3 includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, and tf < 6 ns. 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D - DECEMBER 1990 - REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 



Input 



U"H>n 40 p f T 



RL/2 



500 Q 



^40 pF 



S1 



: Rl/2 



j Note A J_ 

TEST CIRCUIT 



1.5 V 



Input A 
(see Note B) 



\ 



3V 
0V 



Differential 
Output 



90% 
10%, 



2 K 



90% 
10% 



I I 

tr(OD)-H K~ 

VOLTAGE WAVEFORMS 



*f(OD) 



Figure 3. Differential Output Rise and Fall Time Waveforms and Test Circuit 

NOTES: A. C1 - C3 includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, and tf < 6 ns. 
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AM26C31C, AM26C31I, AM26C31M 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS103D- DECEMBER 1990 -REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 



ov 

3V 



-J-C2 



Inputs 
(see Note B) ]^ 



B){ G > cJZ-/ 



Output 



; 50Q 



500 Q 



^OpF 



See Note A 
TEST CIRCUIT 



S1 



150Q 



Output 



Enable G Input 
(see Note C) 

Enable G Input 



Output With 
0 V to A Input 



Output With 
3 V to A Input 



1.3 V 



tPLZ- 



vql + o.3v 



V^OH- 



-0.3 V 



8V 



tpZL 



3V 
0 V 
1.5 V 

vol 

VOH 
1.5 V 



1.5 V 



tPHZ— >\ j«— tpzH — j« — *j 

VOLTAGE WAVEFORMS 

Figure 4. Output Enable and Disable Time Waveforms and Test Circuit 

NOTES: A. C1 -C3 includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, and 
tf < 6 ns. 

C. Each enable is tested separately, 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 



SLLS114C - JANUARY 1979 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 

ANSI EIA/TIA-422-B and ITU 

Recommendation V.11 

Operates From a Single 5-V Supply 

TTL Compatible 

Complementary Outputs 

High Output Impedance in Power-Off 
Conditions 

Complementary Output Enable Inputs 



description 

The AM26LS31 C is a quadruple complementary- 
output line driver designed to meet the 
requirements of ANSI EIA/TIA-422-B and ITU 
(formerly CCITT) V.11. The 3-state outputs have 
high-current capability for driving balanced lines 
such as twisted-pair or parallel-wire transmission 
lines, and they provide a high-impedance state in 
the power-off condition. The enable function is 
common to all four drivers and offers the choice of 
an active-high or active-low enable input. 
Low-power Schottky circuitry reduces power 
consumption without sacrificing speed. 

The AM26LS31C is characterized for operation 
from 0°C to 70°C. 

logic symbolt 



G 
G 

1A 

2A 
3A 
4A 



12 



>1 



EN 



1 


> 

V 
V 


2 


S 3 


7 


6 






9 


10 




v « 




14 











1Y 
1Z 

2Y 
2Z 
3Y 
3Z 
4Y 
4Z 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 61 7-12. 



D OR N PACKAGE 
(TOP VIEW) 



1A[ 1 
1Y[ 2 
1Z[ 3 
G[ 4 
2Z[ 5 
2Y[ 6 
2A[ 7 
GND[ 8 



16 ] V cc 
15 ]4A 
14 ]4Y 
13]4Z 
12]S 
11 ]3Z 
10 ]3Y 
9]3A 



FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level 
L = low level 



X » irrelevant 

Z * high impedance (off) 



logic diagram (positive logic) 



G 
G 
1A 

2A 

3A 

4A 





3 


< 




9 









10 



15 



1Y 
1Z 

2Y 
2Z 

3Y 
3Z 

4Y 
4Z 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 



SLLS114C - JANUARY 1979 - REVISED MAY 1995 



schematic (each driver) 



Input A 




All resistor values are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1) . . . 7 V 

Input voltage, V| . ...7V 

Output off-state voltage 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..... 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values, except differential output voltage Vqd» are w ' tn respect to network GND. 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS114C- JANUARY 1979 -REVISED MAY 1 995 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, IrjH 


-20 


mA 


Low-level output current, Iol 


20 


mA 


Operating free-air temperature, Ta 


0 70 


°C 


electrical characteristics over operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


Vcc = 4.75 V, l|=-18mA 


-1.5 


V 


v OH High-level output voltage 


Vcc = 4.75 V, Ioh = -20 mA 


2.5 


V 


Vql Low-level output voltage 


Vcc = 4.75 V, IOL = 20mA 


0.5 


V 


lOZ Off-state (high-impedance-state) output current 


Vcc = 4.75 V 


Vo = 0.5 V 


-20 


ma 


Vq = 2.5 V 


20 


l| Input current at maximum input voltage 


Vcc = 5.25 V, V| = 7V 


0.1 


mA 


l|H High-level input current 


Vcc = 5-25 V, V| = 2.7 V 


20 


MA 


1 1 [_ Low-level input current 


Vcc = 5-25 V, V| = 0.4 V 


-0.36 


mA 


lOS Short-circuit output current* 


Vcc = 5.25 V 


-30 -150 


mA 


Ice Supply current 


Vcc = 5-25 V, All outputs disabled 


32 80 


mA 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

t Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpm Propagation delay time, low-to-high-level output 


C|_ = 30 pF, S1 and S2 open, 
See Figure 1 


14 20 


ns 


tpHL Propagation delay time, high-to-low-level output 


14 20 


ns 


Output-to-output skew 


1 6 


ns 


*PZH Output enable time to high level 


C|_ = 30 pF, Rl = 75 Q, 
See Figure 1 


25 40 


ns 


tpZL Output enable time to low level 


Cl = 30 pF, Rl = 1 80 n, 

See Figure 1 


37 45 


ns 


tpHZ Output disable time from high level 


Cl = 1 0 pF, S1 and S2 closed, 
See Figure 1 


21 30 


ns 


*PLZ Output disable time from low level 


23 35 


ns 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS114C- JANUARY 1979- REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 



Test Point 



From Output . 
Under Test 



(see Note A) 



S1 



75 Q 



S2 



TEST CIRCUIT 



vcc 



; 180 Q 



Input A 
(see Notes B 
andC) 

Output Y 



jF 1 "\ 



|4- tpLH" 



tPHL 



Skew 



1.3 V 



Output Z 



-H- tPHL 

\ 

1.5 V 



Skew 



M- tPLH -*! 



3 V 
0V 

V 0 H 

vol 

VOH 

vol 



PROPAGATION DELAY TIMES AND SKEW 



Enable G 
(see Note D) 1.5 v 

Enable G — — T 



Waveform 1 
(see Note E) 



Waveform 2 
(see Note E) 



See Note D 



tpZL 



51 Closed 

52 Open 



tpZH 



51 Open 

52 Closed 



tpLZ 

J 4.5 V 

1.5 V 



51 Closed 

52 Closed 



tPHZ — f- 



*| 0.5 V 



3 V 
0V 



-1..5V 

vol 



«ov 



51 Closed 

52 Closed 



VOH 
«1.5V 



ENABLE AND DISABLE TIME WAVEFORMS 

NOTES: A. C(_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zrj ~ 50 Q, t r < 1 5 ns, and tf < 6 ns. 

C. When measuring propagation delay times and skew, switches S1 and S2 are open. 

D. Each enable is tested separately. 

E. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

Figure 1. Test Circuit and Voltage Waveforms 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS114C- JANUARY 1979- REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



O) 



O 
>- 

l 

>° 



1 ■ — I 

Load = 470 Q to GND 
See Note A 
Ta = 25°C 


V C C = 5.25 V 


' V C C = 5V 




















V( 


X = 4.7f 


5V 



























1 2 
V| - Enable G Input Voltage - V 

Figure 2 



is 



o 
>- 

I 

o 



V CC = 5V 

Load = 470 Q to GND 
See Note A 



Ta = 25°C 



Ta = 70°C 



T A = 0<»C 



1 2 
V| - Enable G Input Voltage - V 

Figure 3 



OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



4) 

s 
I 

3 

& 

3 

o 

I 

>° 



V C C = 5.25 V 




Load = 470 G to Vcc 








see Note B 
Ta = 25°C 




Vcc = 5 V 










vcc = 


4.75 V 

























































1 2 
Vj - Enable G Input Voltage - V 

Figure 4 



Z 3 

3 

a- 
8 

h 2 









V C C = 5V 

Load = 470 Q to Vcc 
See Note B 














t a = 

— I 


70°C " 

I 










Ti 


* = 25°C 






■ T A = 0 


°C 

































1 2 
V| - Enable G Input Voltage - V 

Figure 5 



MOTES: A. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 

B. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 



SLLS114C - JANUARY 1979 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 

vs vs 
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT 




0 10 20 30 40 50 60 70 80 0 -20 -40 -60 -80 -100 



Ta - Free-Air Temperature - °C lOH ~ Hfgh-Level Output Current - mA 

Figure 6 Figure? 




NOTES: A. The A input is connected to Vqc during the testing of the V outputs and to ground during testing of the Z outputs. 

B. The A input is connected to ground during the testing of the Y outputs and to Vqc during the testing of the Z inputs. 
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AM26LS31C 

QUADRUPLE DIFFERENTIAL LINE DRIVER 



SLLS114C - JANUARY 1979 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



> 

i 

o 

CO 

3 

s 

3 

a- 

3 

o 
>■ 

I 

>° 



Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 



No Load 
T A = 25°C 
















V CC = 5V 




V C C = 4.75 V 






i 

























CO 

I 3 



a- 
S 

>■ 

I 

>° 



Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 



No Load 












Ta = 70°C 














T A = OOC 


Ta = 25°C — 


S 


F= 



























1 2 
V| - Data Input Voltage - V 



1 2 
V| - Data Input Voltage - V 



Figure 10 



Figure 11 
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AM26LV31C 
LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201A- MAY 1995 - REVISED SEPTEMBER 1995 



32-MHz Switching Rate 

Operates From a Single 3.3-V Supply 

Propagation Delay Times . . . 8 ns TYP 

Pulse Skew Time . . . 500 ps TYP 

High Output Drive Current . . . ±30 mA 

Controlled Rise and Fall Times . . . 3 ns TYP 

Differential Output Voltage With 100-ft Load 
1.5 TYP 

Ultra-Low Power Dissipation 

- dc ... 0.3 mW MAX 

- 32 MHz All Channels (No Load) 
385 mW TYP 

Low Voltage Pin Compatible Replacement 
For AM26C31, AM26LS31, MB571 

High Output Impedance In Power-off 
Condition 

Driver Output Short Protection Circuit 



D OR NS PACKAGE 
(TOP VIEW) 



1A[ 
1Y[ 



2Y[ 
2A[ 



1 


u 16 


2 


15 


3 


14 


4 


13 


5 


12 


6 


11 


7 


10 


8 


9 



]v C c 

]4A 

]4Y 

]4Z 

]S 

]3Z 

]3Y 

]3A 



FUNCTION TABLE 
(each driver) 



description 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level 
L = low level 



X = irrelevant 
Z = high impedance (off) 



The AM26LV31C is a monolithic BiCMOS 
quadruple differential line driver with 3-state 
outputs and is designed to be similar to ANSI 
Standard EIA/TIA-422-B and ITU Recommenda- 
tion V.11 drivers with reduced supply voltage 
range. 

The device is optimized for balanced bus transmission at switching rates up to and exceeding 32 MHz. The 
outputs have very high current capability for driving balanced lines such as twisted-pair transmission lines and 
provide a high-impedance in the power-off condition. The enable function is common to all four drivers and offers 
the choice of active-high or active-low enable inputs. The AM26LV31C is designed using Tl's proprietary 
LinlMPACT-C60™ facilitating ultra-low power consumption without sacrificing speed. This device offers 
optimum performance when used with the AM26LV32 quadruple line receivers. 

The AM26LV31C is characterized for operation from 0°C to 70°C. 



LinlMPACT-C60 is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. m Copyright © 1995, Texas Instruments Incorporated 
Products conform to specifications por the terms of Texas Instruments P ii 

standard warranty. Production processing does not necessarily include ^Rf'# IVva <-* 

testing of all parameters. j\f 1EXAS 
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AM26LV31C 

LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201 A - MAY 1995 - REVISED SEPTEMBER 1995 



logic symbolt 



> 1 



EN 



1A 

2A 
3A 
4A 



1 


> 

V 
V 


2 


s 3 


7 


6 




S 5 


9 


10 




s 11 


15 


14 




s 13 







logic diagram (positive logic) 

G 4 
G 
1A 



1Y 
1Z 

2Y 
2Z 
3Y 
3Z 
4Y 
4Z 



2A 



3A 



4A 











7 








i 

9 









15 





1Y 
1Z 




6 


2Y 
2Z 






10 


3Y 
3Z 






14 


4Y 
4Z 


3-^ 



t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and 
IEC Publication 617-12. 

schematic (each driver) 



EQUIVALENT OF EACH INPUT (A, G, OR G) 

v cc t- 



ns 



Input - 



100 ft 
■9 — AAA/ + 



GND 



US 



TYPICAL OF ALL OUTPUTS (Y AND Z) 



40 kQ 




vcc 



Output 



GND 



All resistor values are nominal. 
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AM26LV31C 
LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201 A- MAY 1995 - REVISED SEPTEMBER 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.3 V to 6 V 

Input voltage range, V| -0.3 V to 6 V 

Output voltage range, Vq -0.3 V to 6 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to GND. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25*C 


Ta = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


NS 


992 mW 


7.9 mW/°C 


637 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


3 3.3 3.6 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|i_ 


0.8 


V 


High-level output current, Ioh 


-30 


mA 


Low-level output current, Iol 


30 


mA 


Operating free-air temperature, Ta 


0 70 


°C 
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AM26LV31C 

LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201 A - MAY 1995 - REVISED SEPTEMBER 1995 



electrical characteristics over recommended operating supply voltage range and free-air 
temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V|k Input clamp voltage 


|j = _18 mA 


-1.5 


V 


Voh High-level output voltage 


Vih = 2V, lnw = ^-12mA 
in ' Vw/ii 


1 .85 2.3 


V 


Vol Low-level output voltage 


Vii - 0.8 V, low = 12 mA 


0.8 1.05 


V 


IVqd 1 Differential output voltage§ 


RL = 100GJ 


0.95 1.5 


V 


Voc Common-mode output voltage 


1.3 1.55 1.8 


V 


... . Change in magnitude of common-mode output 
AIV ° C ' voltage§ 


±0 2 


V 


lO Output current with power off 


Vo = -0.25Vor6V, V<x = 0 


±100 


MA 


loz Off-state (high-impedance-state) output current 


Vo = -0.25Vor6V, 
G = 0.8VorG = 2V 


±100 


ma 


1 1 h High-level input current 


Vcc = 0or3V, V| = 5.5V 


10 


ma 


l|L Low-level input current 


Vcc = 3.6V, V| = 0 


-10 


ha 


lOS Short-circuit output current 


V C C = 3.6V, V O = 0 


-200 


mA 


ICC Supply current (all drivers) 


V| = Vqc or GND, No load 


100 


MA 


Cpd Power dissipation capacitiance (all drivers)^ 


No load 


160 


PF 



$ All typical values are at V<x - 3.3 V and Ta = 25°C. 

§ AIVod 1 ancl Al Voc 1 are tne changes in magnitude of Vod ar, d v OC respectively, that occur when the input is changed from a high level to a low 
level. 

H Cpd determines the no-load dynamic current consumption. Is = Cpd Vcc x f + 'CC 

switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 






4 8 


12 


ns 


¥HL 


Propagation delay time, high- to low-level output 


See Figure 2 




4 8 


12 


ns 


tt Transition time (t r or tf) 






3 


ns 


SR 


Slew rate, single-ended output voltage 


See Note 2 and Figure 2 


0.3 


1 


V/ns 


! PZH 


Output enable time to high level 


See Figure 3 


10 


20 


ns 


tpZL 


Output enable time to low level 


See Figure 4 


10 


20 


ns 


tPHZ 


Output disable time from high level 


See Figure 3 


10 


20 


ns 


tPLZ 


Output disable time from low level 


See Figure 4 


10 


20 


ns 


tsk(p) 


Pulse skew 


f = 32MHz, 


See Note 3 


0.5 


1.5 


ns 


tsk(lim)1 


Skewlimitt 


f* 32 MHz, 


See Note 4 


1.5 


ns 




Skew limit (device to device) t 


f = 32MHz, 


See Note 5 


3 


ns 



t This specification applies to any five degree band within the operating temperature range at the same Vqc- 



NOTES: 2. Slew rate is defined by this equation. SR = — ° ^ 0H 0L ' t 0H 9LL , the differential slew rate of 

t r V 0 D«s2xSR. 

3. Pulse skew is defined as the ltpi_H - *PHU °f each channel. 

4. Skew limit is the maximum difference in propagation delay times between any two channels of one device. 

5. Skew limit (device to device) is the maximum difference in propagation delay times between any two channels of any device. 



2-30 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



AM26LV31C 
LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201A- MAY 1995 - REVISED SEPTEMBER 1 995 



PARAMETER MEASUREMENT INFORMATION 




Figure 1. Differential and Common-Mode Output Voltages 







Generator 




(see Note A) 





"TO 




> R[_ = 100ft ^ 


_ C|_ = 15pF 
^ (see Note B) 


t 

vo 


t 

VOD 


l 


> • 







vo 

± 



TEST CIRCUIT 



Input 



Output Vq 



^ 50% 



50% 



v C c 
— ov 



tPLH 



tPHL 



I I 



PROPAGATION DELAY TIMES 



10% 



Output Vo *r 
Z 



10% 



VOH 

vol 



90% 



90% 



10% 



10% 



RISE AND FALL TIMES 



NOTES: A. The input pulse is supplied by a generator having the following 
characteristics: PRR - 32 MHz, Zq « 50 Q, 50% duty cycle, t r and 
tf < 2 ns. 

B. Ci_ includes probe and jig capacitance. 



Figure 2. Test Circuit and Voltage Waveforms, tpm_ and tp|_n 
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AM26LV31C 

LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201 A - MAY 1 995 - REVISED SEPTEMBER 1 995 



Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



S1 



vcc 



>50Q 



try 



^ Cl = 15pF 
(see Note B) 



VCC 
(see Note C) 



TEST CIRCUIT 



V 0 



RL = 110Q 



Input 



50% 



50% 



vcc 
ov 



tpZH k » j 



Output 



I 



VOLTAQE WAVEFORMS 



tPHZ 
0.3 V 



V 0 H 
V O ff«0 



NOTES: A. the input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 
Zo = 50 Q, 50% duty cycle, t r and tf (1 0% to 90%) < 2 ns. 

B. C|_ includes probe and jig capacitance. _ 

C. To test the active-low enable G, ground G and apply an inverted wave form to G. 



Figure 3. Test Circuit and Voltage Waveforms, tpzH and tpHz 
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AM26LV31C 
LOW-VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS201A- MAY 1995- REVISED SEPTEMBER 1995 



PARAMETER MEASUREMENT INFORMATION 



S1 



vcc 




vcc 

(see Note C) 



TEST CIRCUIT 



vcc 




: C|_= 15 pF 
(see Note B) 



Input 



50% 



tpZL 



Output 



50% 



50%^^ 



vcc 
ov 



VOLTAGE WAVEFORMS 



tPLZ 



V 0 ff«V CC 

-f— vol 

0.3 V 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 
Zo = 50 a 50% duty cycle, t r and tf (1 0% to 90%) < 2 ns. 

B. C|_ includes probe and jig capacitance. 

C. To test the active-low enable G, ground G and apply an. inverted wave form to G. 



Figure 4. Test Circuit and Voltage Waveforms, tpzL and tpLz 



^ Texas 
Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-33 



) 



2-34 



AM26C32C, AM26C32I, AM26C32M 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



SLLS104E - DECEMBER 1990 - REVISED MAY 1995 



» Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B, EIA/TIA-423-B, and 
ITU Recommendation V.10 and V.11 

• Low Power, Ice = 10 mA Typ 

• ±7-V Common-Mode Range With ±200-mV 
Sensitivity 

• Input Hysteresis . . . 60 mV Typ 

• t pd = 17 ns Typ 

• Operate From a Single 5-V Supply 

• 3-State Outputs 

• Input Fail-Safe Circuitry 

• Improved Replacements for AM26LS32 

description 

The AM26C32C, AM26C32I, and AM26C32M 
are quadruple differential line receivers for 
balanced or unbalanced digital data 
transmission. The enable function is common to 
all four receivers and offers a choice of 
active-high or active-low input. The 3-state 
outputs permit connection directly to a 
bus-organized system. Fail-safe design 
ensures that if the inputs are open, the outputs 
are always high. 

The AM26C32 is manufactured using a 
BiCMOS process, which is a combination of 
bipolar and CMOS transistors. This process 
provides the high voltage and current of bipolar 
with the low power of CMOS to reduce the power 
consumption to about one-fifth that of the 
standard AM26LS32 while still maintaining ac 
and dc performance. 

The AM26C32C is characterized for operation 
from 0°C to 70°C, the AM26C32I is 
characterized from -40 °C to 85°C, and the 
AM26C32M is characterized from -55 °C to 
125°C. 



AM26C32C, AM26C32I . . . D, DBt, N, OR NSt PACKAGE 
AM26C32M ... J OR W PACKAGE 
(TOP VIEW) 



1B[ 




u 16 


]v cc 


1 




1A[ 


2 


15 


]4B 


1Y[ 


3 


14 


]4A 


G[ 


4 


13 


]4Y 


2Y[ 


5 


12 


]S 


2A[ 


6 


11 


]3Y 


2B[ 


7 


10 


]3A 


GND [ 


8 


9 


]3B 



t The DB and NS packages are available left-ended taped 
and reeled only (order device AM26C32CDBLE or 
AM26C32CNSLE). 

FK PACKAGE 
(TOP VIEW) 

< CD O CQ 

LJLJLJLJLJ 

3 2 1 20 19 



1Y ] 4 
G ] 5 
NC ]6 
2Y ]7 
2A ]8 



9 10 11 12 13 

nnnnn 



18[ 4A 
17[ 4Y 
16[ NC 
15[ G 
14[ 3Y 



CO Q O CD < 
CM 2 2 CO CO 

O 

NC - No internal connection 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL 


ENABLES 


OUTPUT 


INPUT 


G G 


V|D^V, T+ 


H X 
X L 


H 
H 


V|T-<V|D<V|T+ 


H X 
X L 


? 
? 


V, D <V,t- 


H X 
X L 


L 
L 


X 


L H 


Z 



H - high level, L = low level, X = irrelevant 
Z = high impedance (off), ? - indeterminate 



PRODUCTION DATA Information is current as of publication data. ■■ Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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AM26C32C, AM26C32I, AM26C32M 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

SLLS1 04E - DECEMBER 1 990 - REVISED MAY 1 995 __ 



logic symbolt 

4 



G 

G 12 



>1 



EN 



logic diagram (positive logic) 



G 



1A 
1B 

2A 
2B 
3A 
3B 
4A 
4B 



2 


J 


3 


1 


5 


6 


7 rs 




10 




11 






13 


14 




15 r-, 





1Y 

2Y 
3Y 
4Y 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



schematics 



2A 
2B 

3A 
3B 

4A 
4B 



1Y 



2Y 



3Y 



4Y 



EQUIVALENT OF A OR B INPUT 

vcc- 



Input 



GND 




EQUIVALENT OF G OR G INPUT 

vcc- • 



Input 



GND 



I — 1 1 — 



TYPICAL OF ALL OUTPUTS 

t-t — V CC 



|l— < 



Output 



—IS* 

1 



GND 
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AM26C32C, AM26C32I, AM26C32M 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



SLLS104E - DECEMBER 1990 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage range, V|: A or Bjnputs -11 V to 14 V 

G or G Inputs -0.5 V to V C c + 0.5 V 

Differential input voltage range, V|p -14 V to 14 V 

Output voltage range, Vq -0.5 V to Vcc + 0-5 V 

Output current, Iq ±25 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: AM26C32C 0°Cto70°C 

AM26C32I -40°C to 85°C 

AM26C32M -55°Cto125°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential output voltage, Vod» are witn respect to network GND. Currents into the device are positive and 
currents out of the device are negative. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 




DB 


781 mW 


6.2 mW/°C 


502 mW 


409 mW 




N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 




NS 


625 mW 


5.0 mW/°C 


400 mW 


325 mW 




J 


1375 mW 


11 mW/°C 






275 mW 


W 


1000 mW 


8.0 mW/°C 






200 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.5 5 5.5 


V 


High-level input voltage, Vm 


2 


v 


Low-level input voltage, V||_ 


0.8 


v 


Common-mode inputvoltage, V|c 


±7 


v 


High-level output current, Iqh 


-6 


mA 


Low-level output current, Iql 


6 


mA 


Operating free-air temperature, Ta 


AM26C32C 


0 70 


°C 


AM26C32I 


-40 85 


AM26C32M 


-55 125 
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AM26C32C, AM26C32I, AM26C32M 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

SLLS104E - DECEMBER 1 990 - REVISED MAY 1 995 



electrical characteristics over recommended ranges of Vqc» V|c> and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Differential input high-threshold voltage 


Vo = v OH«™n. 
Iqh = -440 \iA 


V|G - full range 


0.2 


V 


V|c = 0to5.5V 


0.1 


V|"p_ Differential input low-threshold voltage 


Vo = 0.45 V, 
Iql = 8 m A 


V|c = full range 


-0.2* 


V 


V|c = 0to5.5V 


-0.1* 


Vhys Hysteresis voltage (V|t+ -V|t-) 




60 


mV 


V|k Enable input clamp voltage 


Vcc = 4.5V, l|=-18mA 


-1.5 


V 


v OH High-level output voltage 


V|D = 200 mV, Ioh = -6 mA 


3.8 


V 


Vql Low-level output voltage 


V|D = -200 mV, Iql = 6 mA 


0.2 0.3 


V 


'OZ Off-state (high-impedance-state) output current 


v O = v CC orGND 


±0.5 ±5 


HA 


1 1 Line input current 


V| = 10V, Other input at 0 V 


1.5 


mA 


V|=-10V, Other input at OV 


-2.5 


l|H High-level enable current 


V| = 2.7V 


20 


MA 


l|l_ Low-level enable current 


V| = 0.4V 


-100 


ma 


r; Input resistance 


One input to ground 


12 17 




ICC Supply current 


VCC-5.5V 


10 15 


mA 



t All typical values are at Vcg = 5 V, Vic = 0, and Ta = 25°C. 

t The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common-mode 
input voltage. 



switching characteristics over recommended ranges of operating conditions, C|_ = 50 pF (unless 
otherwise noted) 





PARAMETER 


TEST 
CONDITIONS 


AM26C32C 
AM26C32I 


AM26C32M 


UNIT 






MIN TYP§ 


MAX 


MIN TYP§ 


MAX 




tPLH 


Propagation delay time, low- to high-level output 


See Figure 1 


9 17 


27 


9 17 


27 


ns 


tPHL 


Propagation delay time, high- to low-level output 


9 17 


27 


9 17 


27 


ns 


tTLH 


Output transition time, low- to high-level output 


See Figure 1 


4 


9 


4 


10 


ns 


*THL 


Output transition time, high- to low-level output 


4 


9 


4 


9 


ns 


tPZH 


Output enable time to high level 


See Figure 2 


13 


22 


13 


22 


ns 


tPZL 


Output enable time to low level 


13 


22 


13 


22 


ns 


tPHZ 


Output disable time from high level 


See Figure 2 


13 


22 


13 


26 


ns 


tPLZ 


Output disable time from low level 


13 


22 


13 


25 


ns 



§ All typical values are at Vcc = 5 V, Ta = 25°C. 



Texas 
Instruments 

2-38 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



AM26C32C, AM26C32I, AM26C32M 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



SLLS104E- DECEMBER 1990 - REVISED MAY 1995 



vcc 



PARAMETER MEASUREMENT INFORMATION 

tTLH-*! !*— 



Input - 



Device 
Under 
Test 



C L = 50 pF 
(see Note A) 



Output 



J0%/j 



90% 



tpLH^«— ►! 



Input 



VOLTAGE WAVEFORMS 



90% 

k— tPHL 



VJ Voh 



2.5 V 
OV 

±2.5V 



TEST CIRCUIT 

NOTE A. C|_ includes probe and jig capacitance. 

Figure 1. Switching Test Circuit and Voltage Waveforms 



Vcc 



Q Input 
a G Input 
V|D = ±2.5V| A Input 
^ B Input 




1 



RL = 1 kQ 

tpZL» tPLZ Measurement: S1 to Vcc 
tpzHi tpHZ Measurement: S1 to GND 



TCl = 50 pF 
(see Note A) 



TEST CIRCUIT 



1.3 V 



4- 



G I 
(see Note B) _| ^ 

I I 
tpZH H4#l K-*- tpHZ 

0utput ! >5o% A i voH "°- 5V 

-+-/| I 



(with V| D = 2.5 V) 



Output 
(with V| D = -2.5 V) 



tpZL-H* 

I 



N-*htp L z 



\ 50% 




tpZH 



I 



. f \ 
IPZL-H-H 



*—*M PH Z 



v 0 H -o.5V 



5 V 



3V 
. 0V 
. 3V 

0V 

• voh 
.vol 

•voh 
vol 



VOLTAGE WAVEFORMS 

NOTES: A. Cl includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle < 50%, t r 

Figure 2. Enable/Disable Time Test Circuit and Output Voltage Waveforms 



= tf = 6 ns. 
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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• AM26LS32A Meets or Exceeds the 
Requirements of ANSI EIA/TIA-422-B, 
EIA/TIA-423-B, and ITU Recommendations 
V/IOand V.11 

• AM26LS32A Has ±7-V Common-Mode 
Range With ±200-mV Sensitivity 

• AM26LS32A Has ±15-V Common-Mode 
Range With ±500-mV Sensitivity 

• Input Hysteresis . . . 50 mV Typical 
Operates From a Single 5-V Supply 
Low-Power Schottky Circuitry 
3-State Outputs 

Complementary Output Enable Inputs 
Input Impedance . . . 12 kQ Min 
Designed to Be Interchangeable With 
Advanced Micro Devices AM26LS32™ and 
AM26LS33™ 



description 

The AM26LS32A and AM26LS33A are quadruple 
differential line receivers for balanced and 
unbalanced digital data transmission. The enable 
function is common to all four receivers and offers 
a choice of active-high or active-low input. The 
3-state outputs permit connection direct to a bus- 
organized system. Fail-safe design ensures that if 
the inputs are open, the outputs will always be 
high. 

Compared to the AM26LS32 and the AM26LS33, 
the AM26LS32A and AM26LS33A incorporate an 
additional stage of amplification to improve 
sensitivity. The input impedance has been 
increased resulting in less loading of the bus line. 
The additional stage has increased propagation 
delay; however, this will not affect interchange- 
ability in most applications. 

The AM26LS32AC and AM26LS33AC are 
characterized for operation from 0°C to 70°C. 
The AM26LS32AM and AM26LS33AM are 
characterzed for operation over the full military 
temperature range of -55°C to 125°C. 



AM26LS32AC, AM26LS33AC . . . D OR N PACKAGE 
AM26LS32AM, AM26LS33AM ... J PACKAGE 

(TOP VIEW) 




AM26LS32AM, AM26LS33AM . . 

(TOP VIEW) 

O 

< m 

1— ILJLJI II— I 

3 2 1 20 19 



. FK PACKAGE 



1Y ] 4 

G ] 5 

NC ]6 

2Y ] 7 

2A ] 8 



9 10 11 12 13 

nnnnn 



18[ 4A 
17[ 4Y 
16[ NC 
15[ G 
14[ 



3Y 



GO Q O CO < 

^ z z ^ ^ 

0 

NC-No internal connection 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL 


ENABLES 


OUTPUT 


A-B 


G G 


Y 




H X 


H 


V|D^V| T+ 


X L 


H 


V|T-<V| D <V|T + 


H X 
X L 


? 
? 


V| D < V iT - 


H X 


L 


X L 


L 


X 


L H 


Z 




H X 


H 


Open 


X L 


H 



H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



AM26LS32 and AM26LS33 are trademarks of Advanced Mircro Devices, Inc. 



PRODUCTION DATA Information Is current as of publication data. m . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily Include ^t'v TV*-**-* r> 

testing of all parameters. IEXAS 
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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logic symbolt 



logic diagram (positive logic) 



G 
G 

1A 
1B 

2A 
2B 

3A 
3B 

4A 
4B 



4 


£1 




12 ^ 


EN 



2 




JT> 

V 


3 


1 rs 


5 


6 




7 IS 


11 


10 




9 IS 


14 




13 




15 IN 







1Y 



2Y 



3Y 



4Y 



G 
G 

1A 
1B 

2A 
2B 

3A 
3B 



4 A 
4B 



1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 

schematics of inputs and outputs 



vcc- 



EQUIVALENT OF EACH 
DIFFERENTIAL INPUT 
— , a *. 



Input -h ► 



100 kQ 
A Input Only 



20 kO £W0.Q 
NOM f NOM 

-AAA/ O 



£960 a 
> NOM - - 

100 kn 

B Input Only 



m 



EQUIVALENT OF EACH ENABLE INPUT 

vcc — — — #- 



8.3 Wi 
NOM 



Enable • • 



m m 




TYPICAL OF ALL OUTPUTS 




Output 



rti 



/ 
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

SLLS115B - OCTOBER 1980 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





AM26LS32AC 
AM26LS33AC 


AM26LS32AM 
AM26LS33AM 


UNIT 


Supply voltage, Vcc (see Note 1 ) 


7 


7 


V 


Input voltage, V| 


Any differential input 


±25 


±25 


V 


Other inputs 


7 


7 


Differential input voltage, V|p (see Note 2) 


±25 


±25 


V 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, T"a 


Oto 70 


-55 to 125 


°c 


Storage temperature range, T stg 


-65 to 150 


-65 to 150 


°c 


Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 


D or N package 


260 




°c 


Case temperature for 60 seconds, Tq 


FK package 




260 


°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds 


J package 


300 


300 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 



2. Differential voltage values are at the noninverting (A) input terminals with respect to the inverting (B) input terminals. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25 e C 


Ta = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6mW/°C 


608 mW 




FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 





recommended operating conditions 





AM26LS32AC 
AM26LS33AC 


AM26LS32AM 
AM26LS33AM 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.75 5 5.25 


4.5 5 5.5 


V 


High-level input voltage, Vjh 


2 


2 


V 


Low-level input voltage, Vjl 


0.8 


0.8 


V 


Common-mode input voltage, V|c 


AM26LS32AC, AM26LS32AM 


±7 


±7 


V 


AM26LS33AC, AM26LS33AM 


±15 


±15 


High-level output current, Ioh 


-440 


-440 


ma 


Low-level output current, Iol 


8 


8 


mA 


Operating free-air temperature, Ta 


0 70 


-55 125 


°C 
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AM26LS32AC, AM26LS33AC, AM26LS32AM, AM26LS33AM 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 
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electrical characteristics over recommended ranges of Vqci V|C» and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v Positive-going input threshhold 
V IT+ voltage 


v O = VoH min . 'OH = ~ 440 


AM26LS32A 


0.2 


V 


AM26LS33A 


0.5 


V|T Negative-going input threshhold 
n ~ voltage 


V 0 = 0.45 V, loL = 8mA 


AM26LS32A 


-0.2* 


V 


AM26LS33A 


-0.5* 


v hys Hysteresis voltage (V|t+-V|t-) 




50 


mV 


V|k Enable input clamp voltage 


Vcc = MIN, l|=-18mA 


-1.5 


v 


Voh High-level output voltage 


Vcc = MIN, V|D = 1 V, 
V| (G ) = 0.8V, I O H = -440mA 


'32AC,'33AC 


2.7 


V 


*32AM, '33AM 


2.5 


Vqi_ Low-level output voltage 


Vcc - MIN, V| D = -1 V, 
V|(Q)-0.8V 


Iql = 4 mA 


0.4 


V 


l0L = 8 mA 


0.45 


. Off-state (high-impedance-state) 
^ z output current 


Vcc - MAX 


Vq = 2.4 V 


20 




Vq = 0.4V 


-20 


1 1 Line input current 


V| = 15 V, Other input at -10 V to 15 V 


1.2 


mA 


V|=-15V, Otherinputat -15Vto10V 


-1.7 


'l(EN) Enable input current 


V| = 5.5 V 


100 


MA 


I|H High-level enable current 


V|= 2.7 V 


20 


ma 


l|L Low-level enable current 


V| = 0.4 V 


-0.36 


mA 


r| Input resistance 


V|c= -15 V to 15 V, One input to ac ground 


12 15 


kQ 


lOS Short-circuit output current§ 


Vcc = MAX 


-15 -85 


mA 


•CC Supply current 


Vcc = MAX, All outputs disabled 


52 70 


mA 



t All typical values are at Vcc ■ 5 v > T A = 25 °C, and V|c = 0. 

* The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 

§ Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, V C c = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low-to-high-level output 


c L 


= 15pF, 


See Figure 1 


20 


35 


ns 


tPHL 


Propagation delay time, high-to-low-level output 


22 


35 


ns 


tPZH 


Output enable time to high level 


Cl 


= 15pF, 


See Figure 1 


17 


22 


ns 


tpZL 


Output enable time to low level 


20 


25 


ns 


tPHZ 


Output disable time from high level 


c l 


- 5 pF, 


See Figure 1 


21 


30 


ns 


tPLZ 


Output disable time from low level 


30 


40 


ns 
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PARAMETER MEASUREMENT INFORMATION 

vcc 



From Output — » 
Under Test 



Enable G 



Enable G 



Output 




vol 

0.5 V- 3 ^ 



VOLTAGE WAVEFORMS FOR tpHZ, *PZH 

NOTES: A. C|_ includes probe and jig capacitance. 

B. All diodes are 1 N3064 oj_equivaJent. 

C. Enable G is tested with G high; G is tested with G low. 



VOLTAGE WAVEFORMS FOR tpLZ. tpzL 



Figure 1 
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TYPICAL CHARACTERISTICS 



t 

o 

1 



z 

I 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENTt 





V| D = 
T A = 


: 0.2 V 
25°C 






















VCC = 5 

V v c 


.25 V 
C = 5V 




vcc = 


4.75 V^ 




vcc 


= 5.5 V 




v C c = 


4.5 V \ 







0 -10 - 20 - 30 - 40 
'OH - High-Level Output Current - mA 

t Vqc = 5 - 5 v and V CC ■ 4 - 5 v applies to M-sufflx devices only. 
Figure 2 



-50 



> 



B 

J 
2 

O) 
X 

I 

X 
>° 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



1 r 

V C C = 5V 
V|D = 0.2mV 
IQH = - 440 \iA 



























































































10 20 30 40 50 60 70 80 
Ta - Free-Air Temperature - °C 

Figure 3 



> 

4> 



3 

o 

I 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



0.6 



0.5 



Vqc = 5 V 
Ta = 25°C 
V|D = -0.2 mV 




> 

I 



I 

o 

! 



>° 



0.5 



0.4 



0.3 



.3 0.2 
I 



0.1 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



V C C = 5V 
V| D = -0.2V 
Iql = 8 mA 



0 5 10 15 20 25 30 
'OL "" Low-Level Output Current - mA 



Figure 4 



0 10 20 30 40 50 60 70 80 
Ta - Free-Air Temperature - °C 



Figure 5 
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> 

I 

I 
$ 

3 

& 
3 

o 

I 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



5 
4.5 
4 

3.5 



3 
2.5 



2 
1.5 
1 

0.5 



1 1 

V| D = 0.2V 
T A = 25°C 

Load = 8kDto GND 



Vcc = 5.5 V 



V C C = 5V 



V C C = 4.5 V 



0.5 1 1.5 2 
Enable G Voltage - V 

Figure 6 



2.5 



a- 

8 
i 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



1 1 — 

V C C = 5V 
" V|D = 0.2 V 
Load = 8 kftto GN 


















■ T A = 7 
TA = 2 
' T A = 0 


o°c — 












5°C 












°c-=j 






> 













































































0.5 1 1.5 2 
Enable G Voltage -V 

Figure 7 



2.5 



; 3 

-s 

? 2 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



Vcc = 5.5 V 




I I 
Vin = -0.5 V 


V CC = 5V 




Load : 


= 1 kn to v C c 


V C C = 4.5 V 




T A = 2 


5°C 



























































0.5 1 1.5 2 
Enable G Voltage -V 

Figure 8 



2.5 



I 

o 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 

























t a = o 


»c 












T A = 25«>C 
Ta = 70°C 








tr 








v C c = 

V|D = - 
Loads 


5V 
0.2 V 
1 knto 












Vcc 

















0.5 1 1.5 2 
Enable G Voltage -V 

Figure 9 
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TYPICAL CHARACTERISTICS 



AM26LS32A 
OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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•Itag 


3 






% 


2.5 


3 

O 
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Ta = 25°C 
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-200-150 -100 -50 0 50 100 150 200 
V|d - Differential Input Voltage - mV 

Figure 10 



AM26LS33A 
OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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>° 
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-200-150 -100 - 50 0 50 100 150 200 
Vid - Differential input Voltage - mV 
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Figure 11 
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INPUT CURRENT 
vs 

INPUT VOLTAGE 
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c = c 


















-^Vcc = 5V 

























































The Unshaded Area 
Shows Requirements of 
Paragraph 4.2.1 of ANSI 
Standards EIA/TIA-422-B and 
EIA/TIA-423-B 



-25 -20-15 -10 -5 0 5 10 15 20 25 
V|- Input Voltage -V 

Figure 12 
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1/4AM26LS31AC 
Data In 



APPLICATION INFORMATION 



1/4AM26LS32AC 



1/4AM26LS32AC 



Data 

1 i^ - " 01 " 



Sf- 



1/4 AM26LS33AC 



Data 
Out 



L-t>- 



Data 
Out 



t Rj equals the characteristic impedance of the line. 

Figure 13. Circuit With Multiple Receivers 
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AM26LV32C 
LOW VOLTAGE HIGH-SPEED 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS202A- MAY 1995 - REVISED SEPTEMBER 1995 



• 32-MHz Switching Rate 

• Operates from a Single 3.3-V Supply 

• Ultra-Low Power Dissipation ... 27 mW Typ 

• Open-Circuit Fail Safe 

• -0.3-V to 5.5-V Common-Mode Range With 
±200 mV Sensitivity 

• Accepts 5-V Logic Inputs With a 3.3-V 
Supply 

• Input Hysteresis . . . 50 mV Typ 

• 235 mW With Four Receivers at 32 MHz 

• Pin-Compatible with the AM26C32, 
AM26LS32, and MB570 



D OR NST PACKAGE 
fTOP VIEW) 




GND [ 8 



t The NS package is only available left-ended taped 
and reeled. To order use part number 
AM26LV32CNSLE. 



description 

The AM26LV32 monolithic, BiCMOS, quadruple, differential line receiver with 3-state output is designed to be 
similar to ANSI EIA/TIA-422-B and ITU Recommendation V.11 receivers with reduced common-mode voltage 
range due to reduced supply voltage. The device is optimized for balanced bus transmission at switching rates 
up to and exceeding 32 MHz. The enable function is common to all four receivers and offers a choice of 
active-high or active-low inputs. The 3-state outputs permit connection directly to a bus-organized system. Each 
device features receiver high input impedance and input hysteresis for increased noise immunity, and input 
sensitivity of ±200 mV over a common-mode input voltage range of -0.3 V to 5.5 V. Fail-safe design ensures 
that if the inputs are open circuited, the outputs are always high. This device is designed using the Tl proprietary 
LinlMPACT-C60™ technology facilitating ultra-low power consumption without sacrificing speed. 

This device offers optimum performance when used with the AM26LV31 quadruple line drivers. 

The AM26LV32C is available in the 16-pin D or the EIAJ NS small-outline packages and is characterized for 
operation over a temperature range of 0°C to 70°C. 



logic symbolt 



G 
G 

1A 
1B 

2A 
2B 
3A 
3B 
4A 
4B 



12 |^ 



>1 



EN 



logic diagram (positive logic) 



G 



2 


1 




6 


7 




10 


9 




14 


15 





13 



1Y 

2Y 
3Y 
4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



1A 
1B 

2A 
2B 

3A 
3B 

4A 
4B 



£l£ 
3£ 



11 



1Y 



2Y 



3Y 



13 



4Y 



LinlMPACT-C60 is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. . m m Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W> Sm 

standard warranty. Production processing does not necessarily Include wftl T EV . ^ 

testing of all parameters. l£^/v/YO 
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QUADRUPLE DIFFERENTIAL LINE RECEIVER 
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FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL 
INPUT 


ENABLES 
G G 


OUTPUT 


V| D >0.2V 


H X 
X L 


H 
H 


-0.2 V<V|D< 0.2 V 


H X 
X L 


? 
? 


V| D <-0.2V 


H X 
X L 


L 
L 


Open circuit 


H X 
X L 


H 


X 


L H 


Z 



H = high level, L = low level, X = irrelevant 
Z = high impedance (off), ? = indeterminate 



schematics of equivalent inputs and outputs 



EQUIVALENT OF EACH INPUT (A, B) 

vcc— — — 




> 7.2 kQ 



7.2 kQ 



GND 



EQUIVALENT OF EACH 
ENABLE INPUT (G, G) 



vcc- 



Enable _ 
G,G 



100 Q 



— f-W\H ► 



GND - 



TYPICAL OF ALL OUTPUTS (Y) 



vcc 



_J! 



GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) — -0.3 V to 6 V 

Input voltage range, V| (A or B inputs) -4 V to 8 V 

Differential input voltage, V|d (see Note 2) ±12 

Enable input voltage range -0.3 V to 6 V 

Output voltage range, Vq , -0.3 V to 6 V 

Maximum output current, Iq ±25 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, Tst g -65°C to 1 50°C 



Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to the GND terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


NS 


992 mW 


7.9 mW/°C 


636 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


3 3.3 3.6 


V 


High-level input voltage, V|H(EN) 


2 


v 


Low-level input voltage, V|l(en) 


0.8 


V 


Common-mode input voltage, Vic 


-0.3 5.5 


v 


Differential input voltage, V|d 


±5.8 




High-level output current, Ioh 


-5 


mA 


Low-level output current, Iol 


5 


mA 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|x + Differential input high-threshold voltage 




0.2 


V 


V| j_ Differential input low-threshold voltage 




-0.2 


V 


V|k Enable input clamp voltage 


l| =-18 mA 


-0.8 -1.5 


V 


v OH High-level output voltage 


V|d = 200 mV, Iqh = -5 mA 


2.4 3.2 


V 


Vol Low-level output voltage 


V|D = -200mV, loL = 5mA 


0.17 0.5 


v 


'OZ High-impedance-state output current 


Vo = 0toVcc 


±50 


MA 


'lH(E) High-level enable input current 


Vcc = 0or3V, V| = 5.5V 


10 


MA 


l|L(E) Low-level enable input current 


Vcc = 3-6 V, V| = 0 V 


-10 


r| Input resistance 




7 12 


kft 


1 1 Input current 


V| = 5.5 V or -0.3 V, All other inputs GND 


±700 


HA 


ICC Supply current 


\/|(E) = Vcc or GND, No load, line inputs open 


8 17 


mA 


Cpd Power dissipation capacitance* 


One channel 


150 


PF 



t All typical values are at Vcc = 3.3 V and Ta = 25°C. 

$ Cpd determines the no-load dynamic current consumption, Is = Cpd x Vcc x f + 'CC- 



switching characteristics over recommended ranges of operating conditions (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


See Figure 1 


8 


16 


20 


ns 


tPHL 


Propagation delay time, high- to low-level output 


8 


16 


20 


ns 


tt 


Transistion time (t r or tf) 


See Figure 1 


5 


ns 


tPZH 


Output enable time to high level 


See Figure 2 




17 


40 


ns 


tPZL 


Output enable time to low level 


See Figure 3 




10 


40 


ns 


tPHZ 


Output disable time from high level 


See Figure 2 




20 


40 


ns 


tPLZ 


Output disable time from low level 


See Figure 3 




16 


40 


ns 


tskfp) 


Pulse skew 


See Note 3 




4 


6 


ns 


tsk(limc) 


Skew limit 


See Note 4 




4 


6 


ns 


tskClim) 


Skew limit (device to device) 


See Note 5 




6 


9 


ns 



NOTES: 3. t s k( p ) is ItpLH - tPHL 1 °f eacn channel. 

4 - Woimc) is tne maximum difference in propagation delay times between any two channels of one device. 
5. t s k(|j m ) is the maximum difference in propagation delay times between any two channels of any two devices. This specification applies 
to any 5°C band within the operation temperature range at the same Vcc- 
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PARAMETER MEASUREMENT INFORMATION 




C L = 15pF 
(see Note B) 



Input 



Output 



I 

tPLH^«— 



I^H— tpHL 



50% 
10% 



G G — 
(see Note C) 



Figure 1. tpLH and tpm Test Circuit and Voltage Waveforms 



I I 

0/ J/"3o% 90% -xl CAO/ 

%tTI l\: 50% 

f! IT 2 * 



2V 
1 V 

VOH 



50% 

"fl* vql 



V, D = 1V 



Generator 
(see Note A) 



3> 

4- v^/~ 



RL = 2 kO « 



vo 



C L = 15pF 
(see Note B) 



VCC 
(see Note C) 



Input 



Output 



50% 



50%N^ 



tpZH | « H 



r 

k-*j--tpHZ 



if- 



vec 
ov 

0.3 V 
VOH 

V O ff«0 



Figure 2. t PZH and t PH z Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by generator having the following characterstics: 
Zo = 50 O, PRR - 1 0 MHz, t r and tf (1 0% to 90%) < 2 ns, 50% duty cycle. 

B. C|_ includes probe and jig capacitance. _ 

C. To test the active-low enable G, ground G and apply an inverted waveform G. 
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vcc 



V, D = 1V 



R\_ = 2kQ 



Generator 
(see Note / 



A) $son 

J- Vrsr* 



Input 



Output 



V 0 

C L = 15pF 
(see Note B) 



■± v cc 

(see Note C) 



: 50% 50%\ 

| N 

tpZLH^— H ■ k-H-.tpLZ 



"N ^50% 



vcc 
ov 

Voff-Vcc 

vol 

0.3 V 



Figure 3. tp^L and tp|_z Test Circuit and Voltage Waveforms 

NOTES: A, The input pulse is supplied by generator having the following characterstics: 
Zo - 50 Q, PRR = 1 0 MHz, t r and tf (1 0% to 90%) < 2ns, 50% duty cycle. 

B. C|_ includes probe and jig capacitance. _ 

C. To test the active-low enable G, ground G and apply an inverted waveform G. 
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LT1030C 

QUADRUPLE LOW-POWER LINE DRIVER 



SLLS048D - APRIL 1989 - REVISED MAY 1995 



Low Supply Voltage ... ±5 V to ±15 V 

Supply Current . . . 500 llA Typ 

Zero Supply Current When Shut Down 

Outputs Can Be Driven ±30 V 

Output Open When Off (3-State) 

10-mA Output Drive 

Outputs of Several Devices Can Be 
Connected in Parallel 

Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E Specifications 

Designed to Be Interchangeable With 
Linear Technology LT1030 



description 



The LT1 030C is an EIA/TIA-232-E line driver that 
operates over a ±5-V to ±15-V supply voltage 
range on low supply current. The device can be 
shut down to zero supply current. Current limiting 
fully protects the outputs from externally-applied 
voltages of ±30 V. Since the output swings to 
within 200 mV of the positive supply and to within 
1 V of the negative supply, supply voltage 
requirements are minimized. 

A major advantage of the LT1030C is the 
high-impedance output state when the device is 
off or powered down. This feature allows several 
different drivers on the same bus. 

The device can be used as an EIA/TIA-232-E 
driver, micropower interface, or level translator, 
among others. 

The LT1 030C is characterized for operation from 
0°Cto70°C. 



D OR N PACKAGE 
(TOP VIEW) 



Vcc-[ 


U 

1 14 


]v cc+ 


IN1 [ 


2 13 


] STROBE 


OUT1 [ 


3 12 


] IN4 


ON/OFF [ 


4 11 


]OUT4 


IN2[ 


5 10 


]NC 


OUT2[ 


6 9 


] IN3 


GND[ 


7 8 


]OUT3 



NC - No internal connection 



AVAILABLE OPTIONS 



ta 


PACKAGE 


SMALL OUTLINE 
(D) 


PLASTIC DIP 
(N) 


0°C to 70°C 


LT1030CD 


LT1030CN 



The D package is available taped and reeled. Add the 
suffix R to the device type (i.e., LT1 030CDR). 



logic symbolt 



STROBE - 
ON/OFF - 

IN1 
IN2 
IN3 
IN4 



13 



G1 
EN 



2 ^ 


1 > 


4 




6 






8 




12 IS 


11 









OUT1 
OUT2 
OUT3 
OUT4 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



Terminal Functions 



Terminal 
NAME NO. 


DESCRIPTION 


GND 7 


Ground terminal 


IN1JN2, 2, 5, 
IN3, IN4 9,12 


Logic inputs. INx operate properly on TTL or CMOS levels. Output valid from V| = Vqc- + 2 V to 1 5 V. Connect to 
5 V when not used. 


ON/OFF 4 


ON/OFF shuts down the entire circuit. It cannot be left open. For normally on operation, connect between 5 V and 
1 0 V. If V|i_ is at or near 0.8 V, significant settling time may be required. 


OUT1.0UT2, 3,6, 
OUT3.0UT4 8,11 


Line driver outputs 


STROBE 13 


STROBE forces all outputs low. Drive with 3 V. Strobe terminal input impedance is approximately 2 kQ to GND. Leave 
STROBE open when not used. 


VCC+ 14 


Positive supply 


vcc- 1 


Negative supply 



publication date. — . Copyright © 1995, Texas Instruments Incorporated 

Texas Instruments 

. v lecessarlly include TV?v A O 

testing of all parameters. \f IlULr\.w> 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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logic diagram 



ON/OFF 

STROBE 
IN1 



IN2 



13 



IN3 



OUT1 



OUT2 



OUT3 



IN4 



OUT4 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage range, Vcc+ (see Note 1) — 0Vto15V 

Supply voltage range, Vcc- ■ • • • • ■ 0 V to - 1 5 V 

Input voltage range, logic i nputs , V| Vcc- t0 26 v 

Input voltage range at ON/OFF, V| 0 V to 12 V 

Output voltage range, Vq (any output) Vcc+ - 30 V to Vcc- + 30 V 

Duration of output short circuit to ±30 V at (or below) 25°C (see Note 2) unlimited 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to GND. 

2. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
736 mW 



recommended operating conditions 





MIN MAX 


UNIT 


Supply voltage, Vcc + 


5 15 


V 


Supply voltage, Vcc - 


-5 -15 


V 


High-level input voltage, V|h (see Note 3) 


2 15 


V 


Low-level input voltage, V||_ (see Note 3) 


0.8 


V 


Operating free-air temperature, Ta 


0 70 


°c 



NOTE 3: These Vm and V||_ specifications apply only for inputs IN1 - IN4. For operating levels for ON/OFF, see Figure 2. 
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electrical characteristics over operating free-air temperature range, Vqc± = ±5 V to ±15 V (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


VOM + 


Maximum positive peak output voltage swing 


lO = -2 mA, 


T A = 25°C 


V CC+ uo 


V CC+ u -' 




v 


v OM- 


Maximum negative peak output voltage swing 


lO = 2 mA, 


Ta = 25°C 




VCC-+0.9 


VCC-+1-4 


V 


l|H 


High-level input current 


V|>2V, 


T A = 25°C 




2 


20 


uA 


IlL 


Low-level input current 


V| < 0.8 V, 


T A = 25°C 




10 


20 


|iA 


1 1 Input current, ON/OFF 


V| = 0 




-0.1 


-10 


HA 


V| = 5 V 




30 


65 


io 


Output current 


T A = 25°C 


5 


12 




mA 


ioz 


Off-state output current 


Vq = ±15V, Ta = 25°C, 
ON/OFF at 0.4 V 




±2 


±100 


HA 


'cc 


Supply current (all outputs low) 


V|>at2.4 V, 


io-o 




500 


1000 


MA 


'CC(off) 


Off-state supply current 


ON/OFF at 0.4 V 


10 


ma 


ON/OFF at 0.1 V 




10 


150 



operating characteristics, Vqc± = ±5 V to ±15 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


SR Driver slew rate 


R|_ = 3 kQ, Ci = 51 pF 


4 15 30 


V/ns 



t All typical values are at Vcc± = ± 1 2 V, T A = 25°C. 
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TYPICAL CHARACTERISTICS 



f 
o 



E 

■a 

<0 



V CC+ 
VCC+-0.2 
VcC + -0.4^ 
Vcc-+t.4 
Vcc-+12 

V CC -+1 
VQC-+0.8 
Vcc-+ 0.6 
VCC-+0.4 
VQC-+0.2 
V CC - 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 







Output 


High 






































c 


)utput Lov 


























Vtvm-s 


±12V 








T A = 25°C 
; _J 



±1 ±2 ±3 ±4 

lO -Output Current - mA 

Figure 1 



±5 



1.8 
1.6 

f 1.2 
$ 

75 1 



0.8 

I— 



lO 0.6 
§ 0.4 
0.2 
GND 



ON/OFF TERMINAL VOLTAGE 
vs 

FREE-AIR TEMPERATURE 




Max Off Voltage 
lO < 20 uA 

I I 



10 20 30 40 50 60 
Ta - Free-Air Temperature - °C 

Figure 2 



70 



vcc + 
vcc + -o.2 

VCC+-0.4 
VCC-+1-4 
Vcc- +1-2 



voc-+i 

VcC^+0.8 
VCC-+0.6 



MAXIMUM PEAK OUTPUT VOLTAGE 

VS 

FREE-AIR TEMPERATURE 





















i 


i 












I mA - 








10 = 5 


mA 


























"o = - 


5 mA 


















v c < 


3± - ± 1 


2 V 




l 0 = - 


1mA 





10 20 30 40 50 60 
Ta - Free-Air Temperature - °C 

Figure 3 



70 



ON/OFF TERMINAL CURRENT 
vs 

ON/OFF TERMINAL VOLTAGE 
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O 

0 
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Figure 4 
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TYPICAL CHARACTERISTICS 
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E 

i 
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E 
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30 
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OUTPUT CURRENT 
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Figure 5 
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OFF-STATE OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 



< 

i 
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3 
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Figure 6 
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OFF-STATE SUPPLY CURRENT 
vs 
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Figure 7 
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SUPPLY CURRENT 
vs 

TOTAL SUPPLY VOLTAGE 



T A = 25°C 
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Figure 8 
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TYPICAL CHARACTERISTICS 
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SUPPLY CURRENT 
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SLEW RATE 
vs 

FREE-AIR TEMPERATURE 



vcc 
Rl 

Cl = 


i 1 

;± = ±1 

= 3kD 
: 51 pF 


2V 
















Falling 


















Rl 


sing 
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Ta - Free-Air Temperature - °C 

Figure 10 



APPLICATION INFORMATION 



forward biasing the substrate 

As with other bipolar integrated circuits, forward biasing the substrate diode can cause probiems. The LT1 030C 
will draw high current from Vcc+ to GND if Vcc- is open-circuited or pulled above ground. Connecting a diode 
from Vqc- to GND ( if possible) prevents the high-current state. Any low-cost diode can be used (see Figure 1 1 ). 

LT1030C 



1N4001 ▼ 



14 



Figure 11. Connecting a Diode From V C c-to GND 



2-62 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



MAX232, MAX232I 
DUAL EIA-232 DRIVER/RECEIVER 
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Operates With Single 5-V Power Supply 

LinBiCMOS™ Process Technology 

Two Drivers and Two Receivers 

±30-V Input Levels 

Low Supply Current . . . 8 mA Typ 

Meets or Exceeds ANSI EIA/TIA-232-E and 

ITU Recommendation V.28 

Designed to be Interchangeable With 

Maxim MAX232 

Applications 

EIA/TIA-232-E 

Battery-Powered Systems 

Terminals 

Modems 

Computers 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015 



description 



The MAX232 is a dual driver/receiver that 
includes a capacitive voltage generator to supply 
EIA/TIA-232-E voltage levels from a single 5-V 
supply. Each receiver converts EIA/TIA-232-E 
inputs to 5-V TTL/CMOS levels. These receivers 
have a typical threshold of 1 .3 V and a typical 
hysteresis of 0.5 V, and can accept ±30-V inputs. 
Each driver converts TTL/CMOS input levels into 
EIA/TIA-232-E levels. The driver, receiver, and 
voltage-generator functions are available as cells 
in the Texas Instruments LinASIC™ library. 

The MAX232 is characterized for operation from 
0°C to 70°C. The MAX232I is characterized for 
operation from -40°C to 85°C. 



C1+ [ 

v S+ [ 
C1 
C2+ [ 
C2- 

V S - 
T20UT 
R2IN 



DW OR N PACKAGE 
(TOP VIEW) 



]v C c 

] GND 

]T10UT 

]R1IN 

]R10UT 

]T1IN 

]T2IN 

j R20UT 



logic symbolt 



5V 



C1+ 
C1- 
C2+" 
C2- 

T1IN 

T2IN 

R10UT 

R20UT 





v cc 

C1+ 

C1 _ 2Vcc.-1.5V 

C2+ -2VCC + 1-5V 
C2- 


2 


3 


4 ), 


6 






11 


> 


10 


7 


> 




13 


JT 






8 


0V 








v S+ 



v s - 



T10UT 



T20UT 



R1IN 



R2IN 



f 15 
GND 

t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and 
IEC Publication 617-12. 



LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated. 



production data information is current as of publication data. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments m Sm 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Input supply voltage range, Vcc (see Note 1) — -0.3 V to 6 V 

Positive output supply voltage range, Vs+ — V<x - 0.3 V to 1 5 V 

Negative output supply voltage range, V§_ -0.3 V to -15 V 

Input voltage range, V|: Driver -0.3 V to Vcc + 0.3 V 

Receiver ±30 V 

Output voltage range, V 0 : T10UT,T20UT V s _-0.3 V to V s+ +0.3V 

R10UT, R20UT -0.3 V to V cc + 0.3 V 

Short-circuit duration: T10UT, T20UT unlimited 

Operating free-air temperature range, T A : MAX232 0°C to 70°C 

MAX232I -40°Cto85°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to network ground terminal. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


High-level input voltage, V|h (T1 IN.T2IN) 


2 


V 


Low-level input voltage, V||_ (T1 IN, T2IN) 


0.8 


V 


Receiver input voltage, R1 IN, R2IN 


±30 


V 


Operating free-air temperature,T A 


0 70 


°C 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level output voltage 


T10UT, T20UT 


R[_ = 3 kD to GND 


5 7 


V 


R10UT, R20UT 


I 0 h = -1 mA 


3.5 


Vol Low-level output voltaget 


T10UT,T20UT 


R|_ = 3 kQ to GND 


-7 -5 


V 


R10UT, R20UT 


Iql = 3.2 mA 


0.4 


v Receiver positive-going input 
'T + threshold voltage 


R1IN, R2IN 


V C C = 5V, T A = 25°C 


1.7 2.4 


V 


y Receiver negative-going input 
,T ~ threshold voltage 


R1IN, R2IN 


V C C = 5V, T A = 25 0 C 


0.8 1.2 


V 


v hys Input hysteresis voltage 


R1IN, R2IN 


V C C = 5V 


0.2 0.5 1 


V 


H Receiver input resistance 


R1IN.R2IN 


VCC = 5, T A = 25°C 


3 5 7 




r 0 Output resistance 


T10UT,T20UT 


Vs+ = V S - = 0, V 0 = ±2V 


300 


a 


l0S§ Short-circuit output current 


T1 OUT, T20UT 


Vcc = 5-5 V, Vq = 0 


±10 


mA 


I IS Short-circuit input current 


T1IN.T2IN 


V| = 0 


200 


MA 


ICC SuppJy current 


Vcc = 5 - 5V , All outputs open, 
T A = 25°C 


8 10 


mA 



t All typical values are at Vcc = 5 V, T A = 25°C. 

$ The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage 
levels only. 

§ Not more than one output should be shorted at a time. 
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MAX232, MAX232I 
DUAL EIA-232 DRIVER/RECEIVER 
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switching characteristics, Vqc = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH(R) Receiver propagation delay time, low- to high-level output 


See Figure 2 


500 


ns 


tpHL(R) Receiver propagation delay time, high- to low-level output 


See Figure 2 


500 


ns 


SR Driver slew rate 


R|_ » 3 kQ to 7 kQ, 
See Figure 3 


30 


V/jjs 


SR(tr) Driver transition region slew rate 


See Figure 4 


3 


V/ns 



APPLICATION INFORMATION 

5V 







1 


-X— 


1|iF 


T 


3 








4 


-X— 


1|iF 




5 


-X— 






11 


-X — 


From CMOS or TTL 


{ 


10 





12 



To CMOS or TTL 



C1+ 
C1- 
C2+ 
C2- 



)[< 16 



vcc 



ov 



I 15 
GND 



V S+ 



JT 



*8.5V 



14 



13 



* ►" 8 - 5V 

ZH 1 M-F 

EIA/TIA-232 Output 
El A/TIA-232 Output 
EIA/TIA-232 Input 
EIA/TIA-232 Input 



Figure 1. Typical Operating Circuit 
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MAX232, MAX232I 

DUAL EIA-232 DRIVER/RECEIVER 
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PARAMETER MEASUREMENT INFORMATION 

v cc 

— I— — , 



Pulse 
Generator 
(see Note A) 



R1IN 
or 
R2IN 



R10UT 

or 
R20UT 



R L = 1.3kQ 
See Note C 

►I ► ! M 



•± C L = 50 pF 
(see Note B) 



l 



TEST CIRCUIT 



<10ns-*l |4— 



—►I k— < 10 ns 

I ! 



Input 



|j^"90% 90%^ 
10% J 50% 50%|S l. 10% 



tPHL 



■ 500 ns - 



k— H-tPLH 

I 



ou *p u "*" ii\ X i.5v y 



3V 
•0V 

'VOH 

vol 



WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zo = 50 Q, duty cycle < 50%. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 



Figure 2. Receiver Test Circuit and Waveforms for tpHL and tp^H Measurement 
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MAX232, MAX232I 
DUAL EIA-232 DRIVER/RECEIVER 



SLLS047D - FEBRUARY 1989 - REVISED MAY 1995 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

T1 IN or T2IN fs^ T1 OUT or T20UT 

^1 i C L = 10pF 
i J_ ( seeNoteB ) 



0= 



El A/TIA-232 Output 



TEST CIRCUIT 



Input 



<10ns - 



10% 



* — M k— <10ns 

L ^j. 

^50% S0% ^ 10% 



5 |is • 



tPHL N »l 

I 



N H tpLH 



- 90% 



Output 



_10% 



\jt 90% 



-*| I*" *TLH 



3V 
• 0V 

•V 0 H 

vol 



0-8 (Vqh-Vol) or 0 8 (VOL^OH) 
on = —t or • 



TLH 



X THl 



WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq - 50 £2, duty cycle < 50%. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Waveforms for tpm_ and tp|_n Measurement (5-jjs input) 



Pulse 
Generator 
(see Note A) 



3kQ 



EIA/TIA-232 Output 



Cl = 2.5 nF 



TEST CIRCUIT 



<10ns - 



Input 



Output 



ns — H k— — N k 

I L J I 

90% 90% "X, I 
10%^ Z|1-5V 1 ' 5V [i 



- <10ns 
10% 



|* 20|AS *| 



! i 



3V 



3^1 =3VJ^ 



3V 



SR = 



6 V 



t THL or t TLH 



V 0 H 

vol 



WAVEFORMS 

NOTE A: The pulse generator has the following characteristics: Zq - 50 Q, duty cycle < 50%. 



Figure 4. Test Circuit and Waveforms for tjHL and t TL H Measurement (20-jlis input) 
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MC3486 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

SLLS097B - JUNE 1 980 - REVISED MAY 1 995 



Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and 
EIA/TIA-423-B and ITU Recommendations 
V.IOand V.11 

3-State, TTL-Compatible Outputs 

Fast Transition Times 

Operates From Single 5-V Supply 

Designed to Be Interchangeable With 
Motorola™ MC3486 



description 



The MC3486 is a monolithic quadruple differential 
line receiver designed to meet the specifications 
of ANSI Standards EIA/TIA-422-B and 
EIA/TIA-423-B and ITU Recommendations V.10 
and V.11. The MC3486 offers four independent 
differential-input line receivers that have TTL- 
compatible outputs. The outputs utilize 3-state 
circuitry to provide a high-impedance state at any 
output when the appropriate output enable is at a 
low logic level. 

The MC3486 is designed for optimum 
performance when used with the MC3487 
quadruple differential line driver. It is supplied in a 
16-pin package and operates from a single 5-V 
supply. 

The MC3486 is characterized for operation from 
0°C to 70°C. 

FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 


OUTPUT 
Y 


V| D < 0.2 V 


H 


H 


-0.2V<V| D <0.2 V 


H 


? 


V|D<-0.2V 


H 


L 


Irrelevant 


L 


Z 


Open 


H 


? 



H = high level, L = low level, Z = high impedance (off), 
? = indeterminate 



D OR N PACKAGE 
rrop VIEW) 



1B[ 1 
1A[ 2 
1Y[3 
1,2EN[ 4 
2Y[ 5 
2A[ 6 
2B[ 7 
GND[ 8 



17 



16] V cc 
15]4B 
14]4A 
13]4Y 
12 ] 3,4EN 
11 ]3Y 
10 ]3A 
9]3B 



logic symbolt 

2 i-l 



1,2EN 



1A 
1B 
2A 
2B 

3,4EN 

3A 
3B 
4A 
4B 



2 


I * ' 


3 


1 IS 


5 


6 




7 IN 







12 



I EN 



10 










> 

V 


11 


9 IS 


13 


14 




15 IS 







1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1 984 
and I EC Publication 617-12. 



logic diagram (positive logic) 



1,2EN 



2A 
2B 



3.4EN 



ia - — KT~° 3 



3A 
3B 
4A 
4B 



1Y 



2Y 



3Y 



4Y 



Motorola is a trademark of Motorola, Incorporated. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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MC3486 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

SLLS097B- JUNE 1980 - REVISED MAY 1995 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 
EXCEPT OUTPUT ENABLE 



VCC" 



16.8 kQ 
NOM 
Input ^wv — 



I NOM 




1 960 C2 





EQUIVALENT OF OUTPUT ENABLE 



VCC 



8.3 k& 
NOM 



Output 
Enable 



TYPICAL OF ALL OUTPUTS 



4.9 kQ< 
NOM* 




vcc 



Output 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x (see Note 1 ) ... — . — . . . . . 8 V 

Input voltage, V| (A or B inputs) . . . ±15 V 

Differential input voltage, V|p (see Note 2) , ±25 V 

Enable input voltage . ... 8 V 

Low-level output current, Iql ■ • 50 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A . . . 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential-input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


V 


Differential input voltage, V|d 


±6 


V 


High-level enable input voltage, V|h 


2 


V 


Low-level enable input voltage, V||_ 


0.8 


V 


Operating free-air temperature, T A 


0 70 


°c 
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MC3486 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

SLLS097B- JUNE 1980- REVISED MAY 1995 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|-|- + Differential input high-threshold voltage 


Vq = 2.7V, lo = -0.4 mA 


0.2 


V 


V|j_ Differential input low-threshold voltage 


VQ-0.5V, lo = -8mA 


-0.2t 


V 


V| k Enable-input clamp voltage 


l| =-10mA 


-1.5 


V 


vq|-| niyii-iovoi uuipui voiiayts 


V|D = 0.4V, lo = -0.4 mA, 
See Note 3 and Figure 1 


2 7 


\J 


vq[_ LOW-ievei output vouage 


V|D = -0.4V, lo = 8mA, 
See Note 3 and Figure 1 


u.o 


w 

v 


Winh_imnoHonrD-ctaiQ r\i itm it r*i irrartt 
niyi l-lllipoUallOc^olcilO UuipUl OUIICill 


V|L = 0.8V, V| D = -3 V, Vo = 2.7V 


40 




V| L = 0.8V, V| D = 3V, V O = 0.5V 


-40 


l|B Differential-input bias current 


Vcc = 0Vor 5.25 V, 
Other inputs at 0 V 


V| =-10 V 


-3.25 


mA 


V| =-3V 


-1 .5 


V| = 3 V 


1.5 


V| = 10V 


3.25 


l|H High-level enable input current 


V| = 5.25 V 


100 


MA 


V| = 2.7 V 


20 


l||_ Low-level enable input current 


V|=-0.5V 


-100 


ma 


Iqs Short-circuit output current 


V|D = 3V, Vo = 0, See Note 4 


-15 -100 


mA 


Ice Supply current 


V IL = 0 


85 


mA 



t The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for threshold 
voltages only. 

NOTES: 3. Refer to ANSI Standards EIA/TIA-422-B and EIA/TIA-423-B for exact conditions. 



4. Only one output should be shorted at a time. 



switching characteristics, Vqc = 5 V, Cj_ = 15 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPHL 


Propagation delay time, high- to low-level output 


See Figure 2 


28 


35 


ns 


tPLH 


Propagation delay time, low- to high-level output 


27 


30 


ns 


tpZH 


Output enable time to high level 




13 


30 


ns 


tpZL 


Output enable time to low level 


See Figure 3 


20 


30 


ns 


tPHZ 


Output disable time from high level 


26 


35 


ns 


tPLZ 


Output disable time from low level 




27 


35 


ns 
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MC3486 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 

SLLS097B-JUNE 1980- REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 




Figure 1.V 0 h> Vol 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns. 
B. Cl includes probe and stray capacitance. 
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MC3486 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 



SLLS097B- JUNE 1980- REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 

i 1 

Output 




T 1 ? H 



5kQ 



C|_ = 15pF 
(see Note B) 



2kQ 

-AA/V— 



SW2 

-CT^O- 5V 



See Note C 



r SW3 



TEST CIRCUIT 



Input 



i 3V 

tPZH / SW1to1.5V 
i 15V sW2Qpen 




ov 



SW3 Closed 



tPZH 



Output 



VOH 
1.5 V 
3 V 



Input 



Output 



tpZL 



OV 



3V 
1.5 V 

SW1 to-1.5V 



. SW2 Closed 

tpZL -*1 p- SW3 0pen 



4.5 V 

1.5 V 

- vol 



\ t P HZ / 3V 

Input \ / 

p ' 0V 



tPHZ— H— ►! 



0.5 

Output ^ 



SW1 to 1.5 V 
SW2 Closed 
SW3 Closed 



— v / VoH 

V ' 1.3 V 



Input 



tPLZ 



:1.5 V 



' 0 V 



3V 

SW1 to -1.5 V 
SW2 Closed 
SW3 Closed 



tPLZ -V*l 



Output 



^ 1.3 V 

— vol 



Figure 3. Test Circuit and Voltage Waveforms 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, X r < 6 ns, tf < 6 ns. 

B. Cl includes probe and stray capacitance. 

C. AH diodes are 1 N91 6 or equivalent. 
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MC3487 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS098A- MAY 1980 - REVISED MAY 1995 



Meets or Exceeds Requirements of ANSI 

EIA/TIA-422-B and ITU 

Recommendation V.11 

3-State, TTL-Compatible Outputs 

Fast Transition Times 

High-Impedance Inputs 

Single 5-V Supply 

Power-Up and Power-Down Protection 

Designed to Be Interchangeable With 
Motorola MC3487 



D OR N PACKAGE 
(TOP VIEW) 



1A[ 
1Y[ 
1Z[ 
1,2EN[ 
2Z[ 
2Y[ 
2A[ 
GND [ 



16 ] V cc 
15]4A 
14]4Y 
13 ]4Z 
12]3,4EN 
11 ]3Z 
10]3Y 
9 ]3A 



description 



The MC3487 offers four independent differential line drivers designed to meet the specifications of ANSI 
EIA/TIA-422-B and ITU Recommendation V.11. Each driver has a TTL-compatible input buffered to reduce 
current and minimize loading. 

The driver outputs utilize 3-state circuitry to provide high-impedance states at any pair of differential outputs 
when the appropriate output enable is at a low logic level. Internal circuitry is provided to ensure a 
high-impedance state at the differential outputs during power-up and power-down transition times provided the 
output enable is low. The outputs are capable of source or sink currents of 48 mA. 

The MC3487 is designed for optimum performance when used with the MC3486 quadruple line receiver. It is 
supplied in a 16-pin dual-in-line package and operates from a single 5-V supply. 

The MC3487 is characterized for operation from 0°C to 70°C. 



logic symbolt 

— s 



1.2EN 



1A 



2A 



2 



3,4EN 



3A 



4A 



1 


> V 
V 


2 


3 


7 


6 














10 






9 


> V 
V 


s 11 


15 


14 











1Y 
1Z 
2Y 
2Z 



3Y 
3Z 
4Y 
4Z 



logic diagram (positive logic) 

1.2EN 4 



1A 



2A 



3,4EN 



3A 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



4A 



14 



13 



1Y 
1Z 

2Y 
2Z 



3Y 
3Z 

4Y 
4Z 



b of publication date. u Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments w!m 

standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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MC3487 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS098A- MAY 1980- REVISED MAY 1995 . 



FUNCTION TABLE 
(each driver) 



INPUT 


OUTPUT 


OUTPUTS 


ENABLE 


Y 


z 


H 


H 


H 


L 


L 


H 


L 


H 


X 


L 


Z 


Z 



H = TTL high level, L = TTL low level, X = irrelevant, Z = High impedance 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



V C C 



Input - 




TYPICAL OF ALL OUTPUTS 



J 



v C c 



; 9 Q NOM 
• — — Output 



m 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vqc (see Note 1) . , 8 V 

Input voltage, Vj — ...... — . — 5.5 V 

Output voltage, Vq ... 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°Cto 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential output voltage, Vod> are with respect to the network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 
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MC3487 

QUADRUPLE DIFFERENTIAL LINE DRIVER 

SLLS098A- MAY 1980- REVISED MAY 1995 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Operating free-air temperature, Ta 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|K Input clamp voltage 


l|--18mA 


-1.5 


V 


Voh High-level output voltage 


V|L = 0.8V, V|H = 2V, loH = -20mA 


2.5 


V 


Vql Low-level output voltage 


V|L = 0.8V, V|H = 2V, loL-^mA 


0.5 


V 


IVqd 1 Differential output voltage 


R|_=100£2, See Figure 1 


2 




AjV - Change in magnitude of 
0° differential output voltaget 


Rl_=100Q, See Figure 1 


±0.4 


V 


Voc Common-mode output voltage* 


R|_=100Q, See Figure 1 


3 


V 


A|V . Change in magnitude of 
OC common-mode output voltaget 


R|_=100Q, See Figure 1 


±0.4 


V 


lO Output current with power off 


v C c = o 


Vo = 6 V 


100 


HA 


Vo = -0.25 V 


-100 


'OZ High-impedance-state output current 


Output enables at 0.8 V 


Vq = 2.7V 


100 


HA 


V O = 0.5V 


-100 


l| Input current at maximum input voltage 


V|-5.5V 


100 


ma 


l|H High-level input current 


V| = 2.7 V 


50 


ma 


l|l_ Low-level input current 


V| = 0.5V 


-400 


ma 


'OS Short-circuit output current§ 


V| = 2V 


-40 -140 


mA 


ICC Supply current (all drivers) 


Outputs disabled 


105 


mA 


Outputs enabled, No load 


85 



t A IVod' an d A I Voc 1 are tne changes in magnitude of Vod and Voc. respectively, that occur when the input is changed from a high level to a low 
level. 

* In ANSI Standard EIA/TIA-422-B, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, 
V 0 S- 

§ Only one output at a time should be shorted, and duration of the short circuit should not exceed one second. 



switching characteristics over recommended operating free-air temperature range , V C c = 5 V 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 








20 


ns 


tPHL 


Propagation delay time, high- to low-level output 


c L = 


15 pF, 


See Figure 2 


20 


ns 


Skew time 








6 


ns 


*t(OD) 


Differential-output transition time 




15 pF, 


See Figure 3 


20 


ns 


*PZH 


Output enable time to high level 








30 


ns 


tpZL 


Output enable time to low level 


c l = 


50 pF, 


See Figure 4 


30 


ns 


tPHZ 


Output disable time from high level 


25 


ns 


tPLZ 


Output disable time from low level 








30 


ns 
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PARAMETER MEASUREMENT INFORMATION 




T 

VOD 



50 a 



1< 



50Q Vqc 



Figure 1. Differential and Common-Mode Output Voltages 




lnput^/l.5V 



> v | 
L tpLH -j* 



Y Output 



.Skew - 



3V I — . 1 



(see Note i 

See Note C 





->j k- Skew 



Z Output 



N-tpHL-^| ^-tpLH"^I 



1.5 V 1.5 V: 



3V 

0V 
V 0 H 

vol 

VOH 

vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Test Circuit and Voltage Waveforms 




-}Jcl^ I Rl = 100Q J 
>-|-i "4" l Output 

Output 



3V 



*t(OD) 



| ^ I -pC L = 15pF 
L. I -=■ (see Note B) 



D) -» j« ►» M- 

ut I/ 90% \| 
dr 10% tc- 



ov 

- *t(OD) 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle = 50%, 
Zq = 50 Q. 

B. Ci_ includes probe and stray capacitance. 

C. Alldiodesare1N916or1N3064. 
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PARAMETER MEASUREMENT INFORMATION 

5V 

SW1/J 200 Q 



0Vor3V — |- 



Generator 
(see Note A) 




— — — — i Output 

IS. I I r<k SW3 I SW 

i>H— rr*; 

^>-* | C L = 15 pF 7jZ < 1 kfl 3 - % 



L I (see Note B) _L 

50 Q 



See Note C 



^/SW2 



Output 
Enable Input 



3V 



0V 



Output 



Output 




TEST CIRCUIT 



tPHZ ^lt_t_V0H 

0£V SW1 Closed 
T SW2 Closed 
1.5 V 



tPLZ-M k- 



-1.5 V 
SW1 Closed 
0.5 V SW2 Closed 

vol 



Output 
Enable Input 



Output 



V ' 

tpZ L -»j |» 



Output 



3V 



SW1 Closed 
SW2 Open 

- vol 

Voh 
1.5 V SWlOpen 
SW2 Closed 



VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waveforms 

NOTES: D. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle = 50%, 
Zo = 50 Q. 

E. Cl includes probe and stray capacitance. 

F. Alldiodesare1N916or1N3064. 
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SN75ALS053 

QUADRUPLE FUTUREBUS TRANSCEIVER 



SLLS034B - JANUARY 1 988 - REVISED MAY 1 995 



High-Speed Quadruple Transceiver 

Meets or Exceeds Requirements of IEEE 
Std. 896.1 -1987 

Drives Load Impedances as Low as 10 Q 

High-Speed Advanced Low-Power Schottky 
Circuits 

Low Power Dissipation ... 81 mW Max per 
Channel 

High-Impedance PNP Inputs 

BTL™ Logic Level 1-V Bus Swing Reduces 

Power Consumption 

Low Bus-Port Capacitance 
Power-Up/Power-Down Protection 
(Glitch Free) 

Open-Collector Driver Outputs Allows 
Wired-OR Connections 

Multiple Bus Channel Ground Returns to 
Reduce Channel Noise Interference 
Designed to be a Faster, Lower Power 
Functional Equivalent of the National 
Semiconductor DS3893 



v cc [ 1 

D1 [ 2 
R1 [ 3 
D2[ 4 
R2[ 5 
LOGIC GND [ 6 
D3[ 7 



N PACKAGE 
(TOP VIEW) 



20 ] BG GND 
19 ] BUS GND 
18 ]B1 
17]B2 

] BUS GND 
]B3 
] B4 

] BUS GND 
]RE 
]TE 



FN PACKAGE 
(TOP VIEW) 

Q U CO 
- t- qO => 
DC Q > CD CO 



description 



D2 
R2 

LOGIC GND 
D3 
R3 



]4 
]5 
]6 
]7 
]8 



LJLJLJLJLJ 

3 2 1 20 19 



10 11 12 13 

nnnnn 



18[ B1 
17[ B2 
16[ BUS GND 
15[ B3 
14[ B4 



^ LU ILU Q 
Q CC hlCC Z 
O 
CO 
Z) 
CD 



The SN75ALS053 is a four-channel, monolithic, 
high-speed, advanced low-power Schottky device 
designed for two-way data communication in a 
densely populated backplane. The SN75ALS053 
has independent driver input (Dn) and receiver 
output (Rn) pins and separate driver and receiver 
disables. This transceiver is designed for use in high-speed bus systems and is similar to the SN75ALS057 
transceiver except that the trapezoidal feature has been eliminated to speed up the propagation delays. 

These transceivers feature open-collector driver outputs, each with a series Schottky diode to reduce capacitive 
loading to the bus. By using a 2-V pullup on the bus, the output signal swing will be approximately 1 V, which 
reduces the power necessary to drive the bus load capacitance. The driver outputs are capable of driving an 
equivalent dc load of as low as 1 0 Q. 

The receivers have a precision threshold set by an internal bandgap reference to give accurate input thresholds 
over Vcc and temperature variations. 

These transceivers are compatible with Backplane Transceiver Logic (BTL™) technology at significantly 
reduced power dissipation per channel. 

The SN75ALS053 is characterized for operation from 0° to 70°C. 



BTL and DS3893 are trademarks of National Semiconductor Corporation. 



PRODUCTION DATA information Is current as of publication date. — . 

Products conform to specifications per the terms of Texas Instruments mim 

standard warranty. Production processing does not necessarily Include ^R'V TV^-**-* 

testing of all parameters. w \f 1EXAS 

Instruments 
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FUNCTION TABLE 
TRANSMIT/RECEIVE 



CONTROLS 


CHANNELS 


TE RE 


D-»B B->R 


L L 
L H 
H L 
H H 


D R 
D D 
T R 
T D 



H = high level, L = low level, R = receive, 
T - transmit, D = disable 
Direction of data transmission is from Dn to 
Bn, direction of data reception is from Bn to Rn. 



logic symbolt 

11 



TE 
RE 



— 12 



EN1 (D-B) 
EN2 (B-R) 



D1 
R1 
D2 
R2 
D3 
R3 
D4 
R4 



2 


> 1 £ 




18 






> — 


V2 


4 




17 






5 S 




> — 


7 




15 

> — 














9 


--4- 


14 






10 ^ 






> — ■ 











B1 



B2 



B3 



B4 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



logic diagram (positive logic) 

11 




B1 



B4 
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schematics of inputs and outputs 



vcc 



DRIVER OUTPUT ^ ^ RECEIVER INPUT 



GND . 




|Bn 



V 



850 *iA 



I I 



RE INPUT 



vcc 



RE 
Input 



GND 



20 kQ 



■f #- 



ESD 
Protect 



■W- 



RECEIVER OUTPUT 



DRIVER INPUT 



VCC 



25 Q 



20 ICQ 



To 3 Other 
Gates 



I Rn Dn I 



GND 



ESD 
Protect 



I 1 

I ESD | 
j Protect j 



All resistor values shown are nominal. 



-J I 



TE 



ESD 
Protect 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1 ) . . . 6 V 

Control input voltage,V| 5.5 V 

Driver input voltage,V| 5.5 V 

Driver output voltage.Vo 2.5 V 

Receiver input voltage,V| 2.5 V 

Receiver output voltage, Vq ■ 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T s t g - 65°C to 1 50°C 

Case temperature for 1 0 seconds, Tc: FN package 260°C 

Lead temperature 1 ,6 mm (1/1 6 in) from case for 1 0 seconds: N package 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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QUADRUPLE FUTUREBUS TRANSCEIVER 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta*25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


FN 


1400 MW 


11.2 MW/°C 


896 MW 


N 


1150 MW 


9.2MW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level driver and control input voltage, V|h 


2 


V 


Low-level driver and control input voltage, V||_ 


0.8 


V 


Bus termination voltage 


1.9 2.1 


V 


Operating free-air temperature, Ta 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|k Input clamp voltage at Dn, DE, or RE 


l| = -18mA 


-1.5 


V 


V|t Receiver input threshold voltage at Bn 




1.426 1.674 


V 


v OH High-level output voltage at Rn 


Bn at 1.2 V, REat0.8V, 
lOH = ~1 mA 


2.5 


V 


Vol Low-level output voltage 


Rn 


Bnat2V, REat0.8V, 
lOL = 20 mA 


0.5 


V 


Bn 


Dn at 2.4 V, TE at 2.4 V, See Figure 1, 
V L = 2V, R L =10Q 


0.75 1.2 


l|H High-level input current 


Dn, TE or RE 


V| = V CC 


40 


MA 


Bn 


V| = 2V, Vgc = 0 or 5.25 V, 
Dnat0.8V, TEat0.8V 


100 


1 1 L Low-level input current at Dn, TE or RE 


V| = 0.4V 


-400 


HA 


•OS Short-circuit output at Rn 


RnatOV, Bnat1.2V, REat0.8V 


-70 -200 


mA 


IqC Supply current 




65 


mA 


C 0 (B) Driver output capacitance 


Vcc = 5V, T A = 25 e C 


6.5 


PF 
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QUADRUPLE FUTUREBUS TRANSCEIVER 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


tp|_H Propagation delay time low-to-high-level output 


Dn 


Bn 


TEat3V, V L «2V, 
See Figure 2 


2 7 


ns 


tpHL Propagation delay time high-to-low-level output 


2 7 


tpLH Propagation delay time low-to-high-level output 


Dn 


Bn 


Dnat3V, V L «2V, 
See Figure 2 


2 7 


ns 


tPHL Propagation delay time high-to-low-level output 


2 7 


tjm Transition time, low-to-high-level output 


Dn 


Bn 


TEat3V, V L -2V, 
See Figure 2 


0.5 5 


ns 


tfHL Transition time, high-to-low-level output 


0.5 5 


Skew between driver channels t 


Dn 


Bn 


TEat3V, V L »2V 


1 


ns 



receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
PLH low-to-high-level output 


Bn 


Rn 


RE at 0.3 V, TE at 0.3 V 


2 8 


ns 


Propagation delay time, 
PHL high-to-low-level output 


2 8 


Output disable time 
P*- 2 from low level 


RE 


Rn 


Bnat2V, TEat0.3V, V|_ = 5V, 
Cl - 5 pF, Rl1 - 500 Q, See Figure 4 


6 


ns 


Output enable time 
tpzL to low level 


RE 


Rn 


Bnat2V, TEat0.3V, V L «5V, 
Cl - 5 pF, Rl1 - 500 Q, See Figure 4 


12 


ns 


Output disable time 
PHZ from high level 


RE 


Rn 


BnatIV, TEat0.3V, Vl-0, 

Cl - 5 pF, Rl1 * 500 Q, See Figure 4 


6 


ns 


Output enable time 
PZH to high level 


RE 


Rn 


BnatIV, TEat0.3V, Vl«0, 
CL»5pF, Rl1 =500£2, See Figure 4 


12 


ns 


Skew between receiver 
channelst 


Bn 


Rn 


EEat0.3V, TEat0.3V 


1 


ns 



t Skew is the difference between the propagation delay time (tpLH or tpHL) of one receiver channel and that same propagation delay time of any 



other receiver channel. It applies for both tpLH and tpm- 
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PARAMETER MEASUREMENT INFORMATION 



SN75ALS053 




(Bn) 





vo 



Figure 1. Driver Low-Level-Output-Voltage Test Circuit 

> 10£2 



V|(Dn, TE) 



SN75ALS053 



(Bn) 



TZT. 

T 



30 pF (includes jig capacitance) 



TEST CIRCUIT 



V|(Dn, TE) 



3V 



OV 



VQ(Bn) 



VOH 

vol- 



tPLH 



1.5 V 



tPHL 



1.55 Vjf 90% 

10% jn 



90% \ ^55 v 

■ — ^ k— 



*TLH *THL 
VOLTAGE WAVEFORMS 

NOTE: t r = tf < 5 ns from 10% to 90% 

Figure 2. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



V|(Bn) 



SN75ALS053 



(Rn) 



T 

T 



Vo 



50 pF (includes Jig capacitance) 



TEST CIRCUIT 



2V 



V KBn) 1.55 V 
1 V 

tp LH — 

Vqh — — 

VO(Rn) 1>5 v 

vol 



1.55 V 



tPHL 



7 



1.5 V 



VOLTAGE WAVEFORMS 

NOTE: t r = tf<10nsfrom10%to90% 

Figure 3. Receiver Test Circuit and Voltage Waveforms 
Vl 



V|(RE) 



V KRE) 

VO(Rn) 
v O(Rn) 



3V 
0V 



SN75ALS053 



R L 1 



(Rn) 



VO 



Cl (includes jig capacitance) 



TEST CIRCUIT 



tpHZ 



1.5 V^" \ 
— /j 0.5 V l^ 



1.5 V 



tPLZ 



0.5 V 



W — 


tpZH 


y i.5v 




H — 


tPZL 


\l-5V 





VOLTAGE WAVEFORMS 

NOTE: t r = tf < 5 ns from 10% to 90% 

Figure 4. Test Circuit and Voltage Waveforms From RE to Rn 
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SUITABLE FOR IEEE STANDARD 

SN55ALS056 and SN75ALS056 are Octal • 
Transceivers 

SN55ALS057 and SN75ALS057 are Quad • 
Transceivers 

High-Speed Advanced Low-Power Schottky • 
(ALS) Circuitry 

Low Power Dissipation: • 
SN55' Devices ... 60 mW/Channel Max 
SN75' Devices . . . 52.5 mW/Channei Max • 
High-Impedance pnp Inputs 



896 APPLICATiONSt 

Logic-Level 1-V Bus Swing Reduces Power 
Consumption 

Trapezoidal Bus Output Waveform Reduces 
Noise Coupling to Adjacent Lines 
Power-Up/Power-Down Protection 
(Glitch Free) 

Open-Collector Driver Outputs Allow 
Wired-OR Connections 

Designed to Be a Faster, Lower-Power 
Functional Equivalent of National DS3896, 
DS3897 



SN55ALS056 ... J OR W PACKAGE 
SN75ALS056 . . . DW OR N PACKAGE 
(TOP VIEW) 



A1[ 


U 

1 


20 


]B1 


A2[ 


2 


19 


]B2 


A3[ 


3 


18 


]B3 


A4[ 


4 


17 


]B4 


Vcct 


5 


16 


] GND 


A5[ 


6 


15 


]B5 


A6[ 


7 


14 


]B6 


A7[ 


8 


13 


]B7 


A8[ 


9 


12 


]B8 


cs[ 


10 


11 


]t/r 



SN55ALS057 ... J OR W PACKAGE 
SN75ALS057 . . . DW OR N PACKAGE 
(TOP VIEW) 

XT 




SN55ALS056 . . . FK PACKAGE 
(TOP VIEW) 



A4 ] 4 

V C C ]5 

A5 ]e 

A6 ]7 

A7 ]8 



CO CM t- r- CM 
< < < 00 00 

LJLJLJLJU 

3 2 1 20 19 



9 10 11 12 13 
nnnnn 



18[ B3 
17[ B4 
16[ GND 
15[ B5 
14[ B6 



SM55ALS057 . . . FK PACKAGE 
(TOP VIEW) 



C\] T- T- T- T- 

QDCQ0QLU 



R2 ] 4 

V C C ]5 

D3 ]6 

R3 ]7 

D4 ] 8 



LJI— II— ILJLJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ B2 
17[ E2 
16[ GND 
15[ B3 
14[ E3 



ilu ilu -^r 
oc Ih- Iq: lu cq 



t The transceivers are suitable for IEEE Standard 896 applications to the extent of the operating conditions and characteristics specified in 
this data sheet. Certain limits contained in the I EEE specification are not met or cannot be tested over the entire military temperature range. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description 

The SN55ALS056 and SN75ALS056 are 8-channel, monolithic, high-speed, advanced low-power Schottky 
(ALS) devices designed for 2-way data communication in a densely populated backplane. The SN55ALS057 
and SN75ALS057 are 4-channel versions with independent driver-input (Dn) and receiver-output (Rn) pins and 
a separate driver disable for each driver (En). 

These transceivers feature open-collector driver outputs with series Schottky diodes to reduce capacitive 
loading to the bus. By using a 2-V pullup termination on the bus, the output signal swing is approximately 1 V, 
which reduces the power necessary to drive the bus load capacitance. The driver outputs generate trapezoidal 
waveforms that reduce crosstalk between channels. The drivers are capable of driving an equivalent dc load 
as low as 1 8.5 Q. The receivers have internal low-pass filters to further improve noise immunity. 

The SN55ALS056 and SN55ALS057 are characterized over the full military operating range of-55°C to 1 25°C. 
The SN75ALS056 and SN75ALS057 are characterized for operation from 0°C to 70°C. 
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logic symbolst 



'ALS056 



_ 11 
T/R — * 



3EN1 (A-B) 
3EN2 (B-A) 
G3 

D 



A1 



A2 



A3 



A4 



A5 



A6 



A7 



A8 



> 16 



V2 



20 
# — B1 



19 

f — B2 



18 

# — B3 



17 



B4 



15 

f — B5 



14 

* — B6 



13 

* — B7 



12 

# — B8 



•ALS057 



EN1 (D-B) 
EN2 (B-R) 



D1 
E1 
R1 
D2 
E2 
R2 
D3 



R3 
D4 



E4 
R4 



19 



17 



14 



12 



&> 



1£ 



V2 



20 



18 



B1 



B2 



15 

• — B3 



13 

# — B4 



logic diagrams (positive logic) 

'ALS056 



T/R 
CS 



A1 



10 



A8 



TE-15- 



RE 



D1 
E1 



R1 



11 



19 



8 



R4 



Xmit 



20 

B1 



^— Rev 

6 Identical Channels Not Shown 

J=s> 



12 



B8 



On 



'ALS057 



Xmit 



^— B1 



Rev 



2 Identical Channels Not Shown 



I 



D4 

E4 _i2 r 

9 



13 



B4 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 
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Function Tables 



'ALS056 
TRANSMIT/RECEIVE 



'ALS057 
TRANSMIT/RECEIVE 



CONTROLS 


CHANNELS 
AhB 


OS T/R 


L H 
L L 
H X 


T (A -> B) 
R(B->A) 
D 



CONTROLS 


CHANNELS 


TE 


RE 


En 


D->B 


B->R 


L 


L 


L 


D 


R 


L 


L 


H 


T 


R 


L 


H 


L 


D 


D 


L 


H 


H 


T 


D 


H 


L 


X 


D 


R 


H 


H 


X 


D 


D 



H = high level, L = low level, R = receive, T = transmit, D = disable, X = irrelevant 

Direction of data transmission is from An to Bn for the 'ALS056 and from Dn to Bn for the 'ALS057. Direction 
of data reception is from Bn to An for the 'ALS056 and from Bn to Rn for the 'ALS057. Data transfer is inverting 
in both directions. 



schematics of inputs and outputs 



vcc 



DRIVER OUTPUT ^ ^ RECEIVER INPUT 



Bn 



15 kQ ^ 

HWV- 



GND . 



ESD 
Protect 



+ Q 40 mA 



# 



-J I 



CONTROL INPUTS 



vcc 



TE/RE 
Input 



GND 



17.5 Y£l 



#- 



ESD 
Protect 




r i t 



RECEIVER OUTPUT 



vcc 



DRIVER INPUT 



48 Q 



20 kQ 



An 
or 

j Rn-Dn | 



SN75ALS057 
Only 



GND . 



ESD 
Protect 



I ESD- | 
j Protectt j 



All resistor values shown are nominal. 



En 



ESD 
Protect 



I I 



t Additional ESD protection is on the 'ALS057, which has separate receiver-output and driver-input pins. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1 ) 6 V 

Control input voltage, V| 5.5 V 

Driver input voltage, V| 5.5 V 

Driver output voltage, Vq 2.5 V 

Receiver input voltage, V| 2.5 V 

Receiver output voltage, Vq 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN55ALS05_ -55°Cto125°C 

SN75ALS05_ 0°Cto70°C 

Storage temperature range, T s t g - 65°C to 1 50°C 

Case temperature for 60 seconds, Tc: FK package 300 °C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds: DW or N package 260 °C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J or W package 300 °C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


T A = 125°C 
POWER RATING 


DW 


1025mW 


8.2 mW/°C 


656 mW 




FK 


1375mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




J 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


W 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


SN55ALS05_ 


4.5 5 5.5 


V 


SN75ALS05_ 


4.75 5 5.25 


High-level driver and control input voltage, V|H 


2 


V 


Low-level driver and control input voltage, V||_ 


0.8 


V 


Bus termination voltage 


1.9 2.1 


V 


Operating free-air temperature, Ty\ 


SN55ALS05_ 


-55 125 


°c 


SN75ALS05_ 


0 70 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SN55ALS056 



PARAMETER 


TEST CONDITIONST 


MIN TYPt MAX 


UNIT 


V|K Input clamp voltage at An, T/R, or CS 


Vcc = 4 -5V, l|— 18 mA 


-1.5 


V 


V|T Receiver input threshold voltage at Bn 


V C C = 5V, T A = 25°C 


1.43 1.69 


V 


Vcc = 5V, T A »-55 0 Cto125 0 C 


1.4 1.7 


Vqh High-level output voltage at An 


VQC- 4.5V, Bn at 1.2 V, 
CS at 0.8 V, T/R at 0.8 V, 
IOH»-400nA 


2.4 


V 


Vol Low-level output voltage 


An 


Vqc = 4.5V, Bnat2V, 
CS at 0.8 V, T/R at 0.8 V, 
IOL = 16 mA 


0.5 


V 


Bn 


VCC ~ 4 -5 V. An at 2 V, 
CS at 0.8 V, T/R at 2 V, 
See Figure 1 


0.75 1.2 


l|H High-level Input current 


An, T/R or CS 


V| * V C c = 5.5 V 


40 


ma 


Bn 


Vcc - 5.5 V, V|-2V, 
An at 0.8 V, T/R at 0.8 V 


100 


l|L Low level input current at An, T/R, or CS 


Vcc* 5.5 V, V|-0.4V 


-400 


HA 


lOS Short-circuit output current at An 


Vcc - 5.5 V, An at 0, 
Bnat1.2V, CSat0.8V, 
T/R at 0.8 V 


-35 -125 


mA 


ICC Supply current 


Vcc = 5.5 V 


85 


mA 


Cq(B) Driver output capacitance 




4.5 


PF 


SN75ALS056 


PARAMETER 


TEST CONDITlONSt 


MIN TYPt MAX 


UNIT 


V|K Input clamp voltage at An, T/R,,orCS 


l| =-18 mA 


-1.5 


V 


V|x Receiver input threshold voltage at Bn 




1.405 1.69 


V 


Vqh High-level output voltage at An 


Bn at 1.2 V, CSat0.8V, 
T/R at 0.8 V, Ioh = ~400mA 


2.4 


V 


Vql Low-level output voltage 


An 


Bnat2V, CSat0.8V, 
T/R at 0.8 V, l0L=16mA 


0.5 


V 


Bn 


Anat2V, CSat0.8V, 
T/R at 2 V, Vl = 2V, 
Rl = 1 8.5 Q, See Figure 1 


0.75 1.2 


l|H High-level input current 


An, T/R or CS 


V|-V CC 


40 


MA 


Bn 


V|«2V, VQC = 0or5.25V, 
An at 0.8 V, T/R at 0.8 V 


100 


l|L Low level input current at An, T/R, or CS 


V| - 0.4 V 


-400 


HA 


•OS Short-circuit output current at An 


AnatO, Bn at 1.2 V, 
CSat0.8V, T/Rat0.8V 


-40 -120 


mA 


'CC Supply current 




75 


mA 


Co(B) Driver output capacitance 




4.5 


PF 



t All typical values are at Vcc = 5 V, T/\ - 25°C. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

SN55ALS057 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage at Dn, En, Tl, or RE 


VCC = 4.5 V, l| = -18 IDA 


— 1.5 


V 


V| j Receiver input threshold voltage at Bn 


V C C = 5V, T A = 25°C 


1.43 1.69 


V 


Vcc = 5V, T A = -55°C to 1 25°C 


1.4 1.7 


Vqh High-level output voltage at Rn 


vec = 4 -5 v - Bn at 1 2 v « 
REat0.8V, l O H = -400nA 


2.4 


y 


Vql Low-level output voltage 


Rn 


Vcc = 4.5 V, Bnat2V, 
RE at 0.8 V, loL = 16mA 


0.5 


V 


Bn 


Vcc = 4.5 V, Dnat2V, 
tn ai c. v, 1 1 ai u.o v, 
See Figure 1 




l|H High-level input current 


Dn, En, TE, or 
RE 


V| = Vcc = 5.5 V 


40 


HA 


Bn 


Vcc = 5.5 V, V| = 2V, 
Dn at 0.8 V, En at 0.8 V, 
TE at 0.8 V 


100 


l|L Low-level input current at Dn, En, TE, or RE 


Vcc = 5-5 V, V| = 0.4 V 


-400 


MA 


lOS Short-circuit output current at Rn 


Vcc = 5.5 V, Rn at 0, 
Bnat1.2V, REat0.8V 


-435 -125 


mA 


ICC Supply current 


Vcc = 5.5 V 


45 


mA 


Cq(B) Driver output capacitance 




4.5 


PF 


t All typical values are at Vcc - 5 V, Ta = 25°C. 
SN75ALS057 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage at Dn, En, TE, or RE 


l| = -18mA 


-1.5 


V 


V|j Receiver input threshold voltage at Bn 




1.41 1.69 


V 


Vqh High-level output voltage at Rn 


Bnat1.2V, REat0.8V, 
l OH = -400nA 


2.4 


V 


Vql Low-level output voltage 


Rn 


Bnat2V, RE at 0.8 V, 
IOL=16mA 


0.5 


V 


Bn 


Dnat2V, Enat2V, 
TE at 0.8 V, V L = 2 V, 
RL = 18.5Q, See Figure 1 


0.75 1.2 


l|H High-level input current 


Dn, En, TE, 
or RE 


v, = v C c 


40 


ma 


Bn 


V| = 2V, Vcc = 0or5.25V, 
Dn at 0.8 V, En at 0.8 V, 
TE at 0.8 V 


100 


l|L Low-level input current at Dn, En, TE, or RE 


V| = 0.4 V 


-400 


liA 


lOS Short-circuit output current at Rn 


RnatO, Bn at 1.2 V, 
RE at 0.8 V 


-40 -120 


mA 


ICC Supply current 




40 


mA 


Cq(B) Driver output capacitance 




4.5 


PF 



t All typical values are at Vcc = 5 V, T A = 25°C. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



SN55ALS056 driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


T A t 


MIN TYPt MAX 


UNIT 


Propagation delay time, 
tPLH1 low-to-high-level input 


CS 


Bn 


An and T/R at 2 V, V|_ = 2V, 
R|_1=18Q, Rl2 = 500Q, 
C|_ = 50pF, See Figure 2 


25°C 


18 


ns 


Full range 


30 


Propagation delay time, 
PHL1 high-to-low-level input 


25°C 


20 


Full range 


22 


Propagation delay time, 
tPLH2 low-to-high-level input 


An 


Bn 


CS at 0.8 V, T/R at 2 V, 
Vl = 2V, Rl1 = 18U 
R[2 = 500Q, C|_ = 50pF, 
See Figure 2 


25°C 


10 


ns 


Full range 


40 


Propagation delay time 
l PHL2 high-to-low-level input 


25°C 


12 


Full range 


15 


Propagation delay time, 
l PLH2 high-to-low-level input 


An 


Bn 


CSat0.8V, T/Rat2V, 
Rj_1=18Q, RL2 = 500a 
CL = 50pF, V|_ = 2V, 
See Figure 2 


25°C 


1 3 10 


ns 


Full range 


1 13 


Propagation delay time, 
PHL2 |ow-to-high-level input 


25°C 


1 3 8 


ns 


Full range 


1 33 


ns 


Propagation delay time, 
l PLH3 low-to-high-level input 


T/R 


Bn 


CS at 0.8 V, Vi_ = 2V, 
RLl=18a RL2 = 500a 
CL = 50 pF, See Figure 3 


25°C 


18 


ns 


Full range 


37 


. u Propagation delay time, 
PHL3 high-to-low-level input 


25°C 


) 18 


Full range 


21 



SN75ALS056 driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP§ MAX 


UNIT 


Propagation delay time, 
PLH1 low-to-high-level output 


CS 


Bn 


An and T/R at 2 V, Vl = 2V, 
Rl.1 = 18Q, CL = 30pF, 
R|_2 not connected, See Figure 2 


24 


ns 


Propagation delay time, 
PHL1 high-to-low-level output 


20 


. Propagation delay time, 
PLH2 low-to-high-level output 


An 


Bn 


CSat0.8V, T/Rat2V, 
Vl = 2V, Rl1 = isa 
R|_2 not connected, C|_ = 30 pF, 
See Figure 2 


19 


ns 


Propagation delay time 
PHL2 high-to-low-level output 


18 


Propagation delay time, 
PLH3 low-to-high-level output 


T/R 


Bn 


VKAnJ-SV, CS at 0.8 V, 
R|J = 18 a CL = 30pF, 
R|_2 not connected, Vl - 2 V, 
See Figure 3 


25 


ns 


. Propagation delay time, 
PHL3 high-to-low-level output 


35 


. Transition time, 

low-to-high-level output 


An 


Bn 


CSatd.8V, T/Rat2V, 
Vl = 2V, CL = 30pF, 
Rl1 - 1 8 Q, R|_2 not connected, 
See Figure 2 


1 3 11 


ns 


Transition time, 
high-to-low-level output 


1 3 6 



t Full range is -55°C to 125°C. 
t Typical values are at Vqc ■ 5 V. 
§ Typical values are at V<x = 5 V, Ta = 25°C. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



SN55ALS056 receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 




MIN MAX 


UNIT 


. Propagation delay time, 
PLH4 |ow-to-high-level output 


Bn 


An 


CS at 0.8 V, T/R at 0.8 V, 
RL.1 = 500 Q, R|_2 = 500 Q, 
C|_ = 50 pF, See Figure 4 


25°C 


20 


ns 


Full range 


22 


Propagation delay time, 
PHL4 high-to-low-level output 


25°C 


1 8 


Full range 


20 


. Output disable time 
f rom | 0W | eve | 


T/R 


An 


Bnat2V, CSat0.8V, 
Vl = 5 V, Rl1 = 500 Q, 
RL2 = 500 Q, Cl = 50 pF, 
See Figure 3 


25°C 


17 


ns 


Full range 


20 


. Output enable time 
' to low level 


25°C 


25 


Full range 


40 


, Output disable time 
PHZ1 from high level 


T/R 


An 


Bnat0.8V, CSat0.8V, 
V L = 0, Rl1 = 500 Q, 
RL2 = 500 Q, Cl = 50 pF, 
See Figure 3 


25°C 


12 


ns 


ill ronno 

run iciiiyo 


1 3 


. Output enable time 

ipzm t0 hjgh | eve[ 


T/R 


An 


Bn at 0.8 V, CS at 0.8 V, 
RL1 open, Rl2 - 500 Q, 
Cl = 50 pF, See Figure 3 


25°C 


15 


ns 


Full range 


22 


. Output disable time 
PLZ2 from low level 


CS 


An 


Bn at 2 V, T/R at 0.8 V, 
RL1 = 500 Q, R[_2 = 500 Q, 
CL = 50pF, V L = 5V, 
See Figure 5 


£.0 0 


on 


ns 


Full range 


22 


. Output enable time 
" z '- 2 to low level 


25°C 


13 


Full range 


14 


. Output disable time 
PHZ2 from high level 


CS 


An 


Bn at 0.8 V, T/R at 0.8 V, 
V L = 0, Cl = 50 pF, 
Rl1 = Rl2 = 500 Q, See Figure 5 


25°C 


12 


ns 


Full range 


13 


. Output enable time 
tPZH2 t0 hjgh )eve | 


Bn at 0.8 V, T/R at 0.8 V, 
RL1 not connected, Rl2 = 500 Q, 
Cl = 50 pF, See Figure 5 


25°C 


14 


Full range 


22 


. Receiver noise rejection 
w(NR) p U | se duration 


Bn 


An 


Vl = 5V, R L 1 =500Q, 
RL2 = 500 Q, Cl = 50 pF, 
See Figure 6 


25°C 


4 


ns 


Full range 


2 



t Full range is -55°C to 125°C. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



SN75ALS056 receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


. Propagation delay time, 
PLH4 low-to-high-level output 


Bn 


An 


CS at 0.8 V, T/R at 0.8 V, R L 1 =390O, 
Rl2 = 1 .6 kn, Cl - 30 pF, See Figure 4 


18 


ns 


Propagation delay time, 
PHL4 high-to-low-level output 


18 


Output disable time 
PLZ1 from low level 


T/R 


An 


CS at 0.8 V, V|(Bn) = 2 V, Vl = 5 V, 
Rl1 - 390 Q, Rl2 not connected, 
Cl= 15 pF, See Figure 3 


20 


ns 


Output enable time 
PZL1 to low level 


T/R 


An 


CSat0.8V, V|(Bn) = 2V, Vl = 5V, 
Rl1 =390Q, Rl2-1.6IcA 
Cl - 30 pF, See Figure 3 


40 


ns 


Output disable time 
l PHZ1 from nign j evel 


T/R 


An 


CS at 0.8 V, V|(Bn) = 0, V L = 0, 
RlI = 390Q, Rl2 not connected, 
Cl= 15 pF, See Figure 3 


17 


ns 


Output enable time 
PZH1 to high level 


T/R 


An 


CS at 0.8 V, VI(Bn) = 0, V L = 0, 

Rl1 not connected, Rl2 = 1 .6 kQ, 

CL*30pF, See Figure 3 


15 


ns 


Output disable time 
PLZ2 from low level 


CS 


An 


Bnat2 V, T/R at 0.8 V, CL = 5pF, 

Vl = 5V, Rl1 =390Q, 

Rl2 not connected, See Figure 5 


18 


ns 


Output enable time 
tpZL2 to low level 


CS 


An 


Bnat2V, T/Rat0.8V, CL = 30pF, 
Vl - 5 V, Rl1 = 390 Q, Rl2 = 1 .6 kCl, 
See Figure 5 


15 


ns 


Output disable time 
tPHZ2 from high level 


CS 


An 


Bnat0.8V, T/Rat0.8V, CL = 5pF, 

Vl = 0, Rl1 =390 a 

Rl2 not connected, See Figure 5 


8 


ns 


Output enable time 
tPZH2 t0 h j gh | eve | 


CS 


An 


Bn at 0.8 V, T/R at 0.8 V, CL = 30pF, 
Vl = 0, Rl1 not connected, 
Rl2 = 1 .6 kQ See Figure 5 


17 


ns 


Receiver noise rejection 
w(N.R) p U | S e duration 


Bn 


An 


CS at 0.8 V, T/R at 0.8 V, Rl1 = 390 Q, 
R L 2 = 1.6ka C L = 30pF, Vl = 5V, 
See Figure 6 


3 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



SN55ALS057 driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


T A t 


MIN TYPt MAX 


UNIT 


. Propagation delay time, 
PLH1 iow-to-high-level output 


TE 


Bn 


Dn, En, RE at 2 V, 
V|_ = 2 V, R|_1 = 18Q, 
R[_2 = 500 a Cl - 50 pF, 
See Figure 2 


25°C 


10 


ns 


Full range 


27 


Propagation delay time, 
tPHU high-to-low-level output 


25°C 


17 


Full range 


19 


. Propagation delay time, 
PLH2 iow-to-high-level output 


Dn or En 


Bn 


TEat0.8V, REat2V, 
V L = 2V, Rl1*18Q, 
Rl2 » 500 Q, Cl = 50 pF, 
See Figure 2 


25°C 


10 


ns 


Full range 


27 


. Propagation delay time, 
PHL2 high-to-low-level output 


25°C 


12 


Full range 


15 


. Transition time, 

^ LH low-to-high-level output 


Dn or En 


Bn 


REat2V, Vl = 2V, 
R L 1 =18a Rl2 = 500^ 
Cl = 50 pF, See Figure 2 


25°C 


1 3 8 


ns 


Full range 


1 33 


Transition time, 
^" HL high-to-low-level output 


25°C 


1 3 10 


ns 


Full range 


1 13 



t Full range is -55°C to 125°C. 

$ Typical values are at Vqc = 5 V, Ta = 25°C. 



SN75ALS057 driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Propagation delay time, 
PLH1 iow-to-high-level output 


TE 


Bn 


Dn, En,REat2V, V L = 2V, 
Rl2 not connected, Rl1 = 1 8 Q, 
See Figure 2 CL = 30pF, 


24 


ns 


Propagation delay time, 
PHL 1 high-to-low-level output 


20 


Propagation delay time, 
PLH2 iow-to-high-level output 


Dn or En 


Bn 


TEat0.8V, REat2V, 
Vl = 2V, R l 1=18Q, 
Rl2 not connected, Cl - 30 pF, 
See Figure 2 


19 


ns 


Propagation delay time, 
PHL2 high-to-low-level output 


18 


Transition time, 
mLH low-to-high-level output 


Dn or En 


Bn 


REat2V, Vl«2V, 
TE at 0.8 V, Rl1=18Q, 
Rl2 not connected, Cl = 30 pF, 
See Figure 2 


1 3 11 


ns 


Transition time, 
high-to-low-level output 


1 3 6 



t Typical values are at Vcc = 5 V, Ta = 25°C. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 

SN55ALS057 receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


T A t 


MIN MAX 


UNIT 


. Propagation delay time, 
PLH4 |ow-to-high-level output 


Bn 


Rn 


REat0.8V, TEat2V, 
Vl = 5V, R L 1 =500Q, 
Rl2 = 500Q, CL = 50pF, 
See Figure 4 


25°C 


20 


ns 


Full range 


22 


Propagation delay time, 
l PH L4 high-to-low-level output 


25°C 


18 


Full range 


20 


. Output disable time from 
xpLZ2 low level 


RE 


Rn 


Bnat2V, TEat2V, 
V L = 5 V, R L 1 = 500 Q, 
Rl2 = 500 Q, Cl = 50 pF, 
See Figure 5 


25°C 


15 


ns 


Full range 


17 


. Output enable time to 
PZL2 low level 


25°C 


13 


Full range 


14 


. Output disable time from 
l PHZ2 high level < 


RE 


Rn 


Bnat0.8V, TEat2V, 
Vl = 0, Rl1 = 500 Q, 
RL2 = 500Q, CL = 50pF, 
See Figure 5 


25°C 


12 


ns 


Full range 


13 


Output enable time to 
tPZH2 high level 


Bn at 0.8 V, TEat2V, 
Rl1 not connected Rl2 = 500 Q, 
Cl = 50 pF, See Figure 5 


25°C 


14 


Full range 


15 


. Receiver noise rejection 
%(NR) p U |se duration 


Bn 


Rn 


Vl = 5 V, Rl1 = 500 Q, 
R L 2 = 500Q, CL = 50pF, 
See Figure 6 


25°C 


4 


ns 


Full range 


2 


t Full range is -55°C to 125°C. 
SN75ALS057 receiver 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
PLH4 low-to-high-level output 


Bn 


Rn 


REat0.8V, TEat2V, Vl= 5V, 
Rl_1 = 390 Q, Rl2 = 1 .6 kQ, Cl = 30 pF, 
See Figure 4 


18 


ns 


Propagation delay time, 
PHL4 high-to-low-level output 


18 


Output disable time 
PLZ2 from low level 


RE 


Rn 


Bnat2V, TEat2V, V L = 5V, 
Cl - 5 pF, R L 1 = 390 q, 
Rl2 not connected, See Figure 5 


18 


ns 


Output enable time 
tpzL2 to low level 


RE 


Rn 


Bnat2V, TEat2V, V L = 5V, 
Cl = 30 pF, R L 1 = 390 Q, Rl2 - 1 .6 kQ, 
See Figure 5 


15 


ns 


Output disable time 
tPHZ2 from high level 


RE 


Rn 


Bnat0.8V, TEat2V, V L = 0, 
Cl = 5 pF, R L 1 = 390 Q, 
Rl2 not connected, See Figure 5 


17 


ns 


Output enable time 
l PZH2 to high level 


RE 


Rn 


Bnat0.8V, TEat2V, V L = 0, 
Cl = 30 pF, Rl1 not connected, 
RL2 = 1.6kQ, See Figure 5 


17 


ns 


• Receiver noise 
w(NR) rejection pulse duration 


Bn 


Rn 


TEat2V, REat0.8V, V L = 0, 
RL1 - 390 Q, Rl2 = 1 .6 kQ, Cl = 30 pF, 
See Figure 6 


3 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



SN55ALS057 driver plus receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


T A t 


MIN MAX 


UNIT 


. Propagation delay time, 
IpLH6 low-to-high-level output 


Dn 


Rn 


REat0.8V, TEat0.8V, 
Vl«2V, R|_1 -500ft 
R|_2 - 500 ft Cl - 50 pF, 
See Figure 7 


25°C 


25 


ns 


Full range 


35 


Propagation delay time, 
l PHL5 high-to-low-level output 


25°C 


25 


Full range 


44 



t Full range is -55°C to 125°C. 



SN75ALS057 driver plus receiver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
*PLH6 |ow-to-high-level output 


Dn 


Rn 


RE at 0.8 V, TE at 0.8 V, R L 1 = 390 ft 
R|_2 = 1.6 kQ, Cl » 30 pF, See Figure 8 


40 


ns 


Propagation delay time, 
l PHL6 high-to-low-level output 


40 



PARAMETER MEASUREMENT INFORMATION 

v L 



'ALS056 

or 
'ALS057 



R L 1 



(Bn) 



V 0 



Figure 1. Driver Low-Level-Output- Voltage Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 



V|(CS, TE, An, Dn, En) - 



'ALS056 

or 
'ALS057 



(Bn) 

RL2 ; 



R L 1 



s^j-n C|_ (includes jig capacitance) 



TEST CIRCUIT 



V| < 



CS, TE 



(An, Dn, En) 



3V 



3V 



VQ(Bn) 



VOH 
VOL 



tPLH1 



1.5V* | 



tpLH2" 



1.55 V 
10%/ 



90% 



tPHL1 



tPHL2 ->| H~ 



55 V 
10% 



~H M-tTLH 
VOLTAGE WAVEFORMS 

NOTE: t r = tf < 5 ns from 1 0% to 90% 

Figure 2. Driver Test Circuit and Voltage Waveforms 



*THL— ►! k- 
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PARAMETER MEASUREMENT INFORMATION 

5V 



390 Q, 



V|(T/R) 



r 



V|(An,Bn) -f-4 



'ALS056 



15 pF ^j-n / S2 



R L 1 



(Bn,An) 



: Rl2 



T 

T 



vo 

Cl (includes jig capacitance) 



1.6 kfl 



V I(T/R) 3 V 
0 . 

VQ(Bn) • 



v O(An) 
VQ(An) 



TEST CIRCUIT 



1.5 Vj 



5 V 



tPHL3 " 



tPLH3 



tPLZ1 ■ 



tPHZ1 " 



-i r 



1.55 V 



i/ 



1.55 V 



L-0.5V | 
l«- tp Z Hl-H |4- 

I ^-0.5V | 



1.5 V 



51 Closed 

52 Open 



51 Open 

52 Closed 



VOLTAGE WAVEFORMS 

NOTE: t r = tf^5nsfrom10%to90% 

Figure 3. Propagation Delay From T/R to An or Bn Test Circuit and Voltage Waveforms 
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5 V 



V|(Bn) 



'ALS056 

or 
•ALS057 



R L 1 



(An,Rn) I 
R L 2| 



V 0 



C|_ (includes jig capacitance) 



TEST CIRCUIT 



2V 



V|(Bn) 1.55 V 

1 V — 

tPLH4 



1.55VyF 



VQ(An, Rn) 



VOH 



VOL 



J*~ tpHL4 



1.5 V^f- 1.5 V 

VOLTAGE WAVEFORMS 



NOTE: t r = tf<10nsfrom10%to90% 

Figure 4. Receiver Test Circuit and Voltage Waveforms 

v L 



V|(C§, fTe") 



V|(C§, RE) 
V0(An, Rn) 

VQ(An, Rn) 



3V 



'ALS056 

or 
•ALS057 



R L 1 



(An,Rn)T 



: Rl2 



V 0 



Cl (includes jig capacitance) 



TEST CIRCUIT 

1.5 yjr^ 



5V 



tpHZ2-»| k- r o-s v i4_ tpzH2 



*PLZ2 - 



1.5 V 
" *PZL2 



1.5 V 



VOLTAGE WAVEFORMS 

NOTE: t r = tf < 5 ns from 1 0% to 90% 

Figure 5. Propagation Delay From CS to An or RE to Rn Test Circuit and Voltage Waveforms 
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V|(Bn) 



PARAMETER MEASUREMENT INFORMATION 

5V 

R L 1 

~ v 0 



SN75ALS056 
or 

SN75ALS057 



(An, Rn) 
Rl2< 



TEST CIRCUIT 



Cl (includes jig capacitance) 



1.85 V — 
V1 1.55 V 

1.1V — 

Bus Logic 
Low Level 



Bus Logic 
High Level 



tw(NR) 



\ /l.55V 

i\ 4 1 



2V 

,25 V 



t w is increased until the output voltage 
fall just reaches 2 V. 



I* *j *W(NR) 

t w is increased until the output voltage rise 
just reaches 0.8 V. 



VOLTAGE WAVEFORMS 



NOTE: t r = tf<2 nsfrom10%to90% 

Figure 6. Receiver Noise Immunity Test Circuit and Voltage Waveforms 

2V V| (Dn) 5 V 



50 pF 



(Bn) 



500 Q 



SN55ALS057 



R L 1 



(Rn) 



RL2 -I— 



V 0 



Cl (includes jig capacitance) 



TEST CIRCUIT 



3V- 



V|(Dn) 



v O(Rn) 



1.5 V 



7 



N~~*J tpLH5 



H H tpHL5 



\15V 



VOLTAGE WAVEFORMS 



NOTE: t r = tf<5nsfrom10%to90% 

Figure 7. Driver Plus Receiver Delay Times Test Circuits and Voltage Waveforms 
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3V 



V|(Dn) 



VQ(Rn) 



PARAMETER MEASUREMENT INFORMATION 

2V V|( Dn) 5V 



30 pf; 



(Bn) 



SN75ALS057 



(Rn) 



R L 1 

— f— vo 



R L 2 Cl (includes jig capacitance) 



TEST CIRCUIT 



1.5 V 



7 



tpLH6 



I* ^h" tPHL6 



VOLTAGE WAVEFORMS 

NOTE: t r = tf<5nsfrom10%to90% 

Figure 8. Driver Plus Receiver Delay Times Test Circuits and Voltage Waveforms 
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IEEE 802.3 1BASE5 Driver and Receiver 

On-Chip Receiver Squelch With Adjustable 
Threshold 

Adjustable Squelch Delay 
Direct TTL-Level Squelch Output 
Squelch Circuit Allows for External Noise 
Filtering 

Two Driver-Enable Options 

On-Chip Start-of-ldle Detection and Disable 

Driver Provides 2-V Minimum into a 50-Q 

Differential Load Allowing for Use With 

Doubly-Terminated Lines and Multipoint 

Architectures 

On-Chip Driver Slew-Rate Control for Very 
Closely Matched Output Rise and Fall 
Times 



N PACKAGE 
(TOP VIEW) 



DRDLAJ [ 




u„ 


]v C c 


DRO + [ 


2 


15 


] DATEN 


DRO-[ 


3 


14 


] DRI 


SQDLAJ [ 


4 


13 


] DLEN 


RXI + f 


5 


12 


]RXO 


RXI-[ 


6 


11 


]SQO 


SQTHAJ [ 


7 


10 


] SQDLI 


*gnd[ 


8 


9 


] SQRXO 



Function Tables 



DRIVER 



INPUTS 


OUTPUTS 


DRI DATEN DLEN 


DRO+ DRO- 


L L X 
H L X 
X H H 
H H L 
L H L 


L H 
H L 
Z Z 
Ht Lt 
L* Ht 



RECEIVER§ 



CONDITION 


INPUTS 


OUTPUTS 


RXI + RXI - 


RXO SQO 


No active signal H 


X X 


H H 


Active signal 1 


L H 
H L 


L L 
H L 



t This condition is valid during the time period set by DRDLAJ following a rising transition on DRI. Following this, when a 
subsequent positive transition does not occur on DRI, the outputs go to the high-impedance state. 

t This condition is valid when it occurs within the enable time set by DRDLAJ after a rising transition on DRI. Otherwise, the 
outputs are in the high-impedance state. 

§ Pins 9 and 1 0 are tied together. 

^ An active signal is one that has an amplitude greater than the threshold level set by SQTHAJ. 
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logic diagram (positive logic) 

16 



V C C 



DRI 



Slew Control 

If 



14 



DATEN 



15 



DLEN 



13 



|>=D: 



^ ■ Output Enable 



Slew Control 

K- 



DRO + 



., IT 

| + ~2 ^— AAA. • + 



^ Cj 



DRDLAJ 



SQTHAJ 




SQRXO 



10 
SQDLI 




DRO- 




RXO 



SQO 



SQDLAJ 
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logic symbolt 



DRI 



14 



DLEN 


13 








DRDLAJ 


1 






X- 


DATEN 


15 








RXI+ 


5 








RXI- 


6 








SQTHAJ 


7 






X— 


SQRXO 


9 








SQDLI 


10 








SQDLAJ 


4 


■— X — 







[ADJDEL] 



>1 



Z1 



Z2 



EN 



— . 1 



[ADJTHRES] 




12 



DRO+ 



DRO- 



RXO 



SQO 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

description 

The SN75061 is a single-channel driver/receiver pair designed for use in IEEE 802.3, 1 BASE5 applications as 
well as other general data communications circuits. The SN75061 offers both a driver and a receiver that are 
easily configured for use with a variety of controllers and data encoder/decoders. 

The receiver features a full analog squelch circuit with an adjustable threshold and a programmable squelch 
delay. Internal nodes of the squelch circuitry are brought out to external connections to allow for the insertion 
of noise-filtering circuitry of the designer's choice. 

As with the receiver, the driver offers a variety of implementation options. Driver enabling may be directly 
controlled by an external logic input or by use of an on-chip one-shot that is retriggered as long as data is being 
sent to the driver. The driver then automatically goes to the high-impedance state when end-of-packet common 
phrase occurs. The driver features internal slew-rate control for optimal matching of rise and fall times allowing 
for reduction of driver-induced jitter. 
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receiver 

The SN75061 receiver implements full analog squelch functions by integrating both a separate, parallel squelch 
receiver with an externally programmable threshold, and a programmable one-shot. The output of the squelch 
receiver and the input to the high-level, dc-triggered one-shot are brought out to external connections. These 
pins can be shorted for direct implementation or used for the insertion of noise-filtering circuitry of the 
implementer's design. The receiver one-shot can be effectively bypassed by applying a high logic level to 
SQDLI. The squelch threshold may be set externally by applying an external voltage set to a level that is -2 times 
the desired threshold voltage. When SQTHAJ is left open, the squelch receiver defaults to its internal preset 
value of-600 mV. The receiver also outputs a high logic squelch signal when there is not any active data present 
at the receiver inputs. When data is not present on the transmission line, the receiver output assumes a high 
level. The unsquelch duration is set externally with an R-C combination at SQDLAJ. 

driver 

The driver offers a variet y of imple mentation options. Driver enabling may be controlled directly by an active-low, 
external logic input on DATEN or by use of another on-chip one-shot that retriggers with positive-going 
transitions on the driver input line. When positive transition does not occur within the pulse duration set by an 
external R-C combination, the one-shot times out and the driver is automatically put into a high-impedance state. 
When operating in the delay-enable mode, the 2-bit-time, high-level, start-of-idle pulse prescribed by IEEE 
802.3 1 BASES causes the one-shot to time out and automatically place the driver outputs in the high-impedance 
state. This delay time is also adjustable for use in other applications. The driver implements an output slew-rate 
control that is internally set for nominally 40 mV/ns. (This is roughly a 1'00-ns peak-to-peak differential transition 
time.) The driver outputs are capable of driving a 50-Q differential load with a minimum output level of 2 V. 
Short-circuit output current is greater than 100 mA. 
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Terminal Functions 



PIN 

NAME 


NO. 


DESCRIPTION 


DATEN 


15 


Driver data enable. When this sign is low, driver outputs are in an active state. When the signal is high, the driver outputs 
are in a high-impedance state when DLEN is also high. 


DLEN 


13 


Driver delay enable. When this signal is low and DATEN is high, the driver outputs are active for a period of time set by 
DRDLAJ after a positive-going transition on DRI. When there is not any active data on DRI, the outputs are in a high-imped- 

Ctl Ivv OlCliw. 


npni a i 


1 


Driv/pr rlplav ariii i<st a rnnnpHinn for thp pytprnal R-H rnmhinatinn that HptprminpQ thp Hi i rat inn of thp ririx/pr ni itm it actix/p 

Ly 1 IV\7I UwlOy uUJLIOl IO CI wvi II IwwUUI 1 l\Jl U Iw CAlvl 1 ICll II w wwl 1 lUlt ICIMUI 1 11 IQl Uvlwl 1 1 III I^O 11 Iw VJUI dllwl 1 \Jl 11 IC VJI IVvl UUl^UL dV/llvw 

state after a positive transition on DRI when DLEN is low and DATEN is high. 


DRI 


14 


ftriv/ar Hata inni it 
UN Vol (Jala IllfJUl 


DRO + 


2 


Noninverting driver output 


DRO- 


3 


Inverting driver output 


GND 


8 


Ground. Common for all voltages 


RXI + 


5 


Noninverting receiver input 


RXI- 


6 


Inverting receiver input 


RXO 


12 


Main receiver input 


SQDLAJ 


4 


Squelch delay adjust is a connection for an external R-C combination that determines the duration of the 
receiver unsquelch after a negative-going transition on SQDLI. 


SQDLI 


10 


Squelch delay input is the input to the one-shot that controls the duration of the receiver unsquelch period. The main 
receiver output remains unsquelched as long as SQDLI is held high. Timing of the unsquelch period begins on the high-to- 
low transition of SQDLI. 


SQO 


11 


Squelch output is high while the receiver is squelched. 


SQRXO 


9 


Squelch receiver output is high only when the differential receiver input exceeds the threshold set by SQTHAJ. 


SQTHAJ 


7 


Squelch receiver threshold adjust. The voltage at this input determines the threshold of the squelch receiver in a ratio of 
-2, SQTHAJ to threshold. When the receiver is left open, the squelch receiver threshold defaults to -600 mV. 


vcc 


16 


Supply-voltage input 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc 7V 

Input voltage, V| (any logic input) 7 V 

Receiver differential input voltage ±25 V 

Receiver input voltage ±15 V 

Driver output voltage -0.5 V to 1 5 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1) 1150 mW 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : For operation above 25°C free-air temperature, derate to 736 mW at 70°C at the rate of 9.2 mW/°C. 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Driver high-level input voltage, V|h 


2 


V 


Driver low-level input voltage, V||_ 


0.8 


V 


Receiver common-mode input voltage, V|c (see Note 2) 


-2.5 5 


V 


Driver high-level output current, Ioh 


-150 


mA 


Driver low-level output current, Iol 


150 


mA 


External timing resistance, R ex t 


5 260 


kQ 


External timing capacitance, C e xt 


No restriction 




Operating free-air temperature, T/\ 


0 70 


°C 



NOTE 2: The algebraic convention, in which the less-positive (more negative) limit is designated as minimum, is used in this data sheet for 
common-mode input voltage V|c and threshold levels V|t+ and V|j_. 



electrical characteristics over recommended operating free-air temperature and supply voltage 
ranges (unless otherwise noted) 

driver 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| =-18 mA 


-1.5 


V 


Vqd Differential output voltage 


R|_ m 50 Q 


2 2.4 3.3 


V 


R L = 115Q 


3.65 


y Change in differential output voltage for a change in 
logic input state 




50 


mV 


l|H High-level input current 


V| = 2 4 V 


20 


ma 


l|L Low-level input current 


V| = 0.5 V 


±100 -35 


HA 


lOS Short-circuit output current 


VQ = 0or6V, V| = 0.8Vor2.5V 


±300 


mA 


Iqz High-impedance output current 


V C C = 5.25 V 


voc = iov 


100 


HA 


v 0 c = o 


-100 



t All typical values are at Vrjc = 5 V, T/\ = 25°C. 
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electrical characteristics over recommended operating free-air temperature and supply voltage 
ranges (unless otherwise noted) (continued) 

receiver 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage, squelch delay 


l| = -18mA 


-1.5 


V 


V|j + Positive-going input threshold voltage 


Vo = 2.7V, lo- -0.4 mA 


50 


mV 


V|j_ Negative-going input threshold voltage 


Vo = 0.5V, lo=16mA 


-50* 


mV 


v hys Hysteresis voltage (V|t+ - V|t_) 




50 


mV 


Vic Common-mode input voltage 




5 


V 


Voh High-level output voltage 


RXO 


Vcc - 4.75 V, lOH = "400 \iA, 
SQDLAJat0.8V 


2.7 


V 


SQO 


2.7 3.5 


SQRXO 


Vcc -4.75 V, I O H=-20mA, 
V|D(RXi) - -0.7 V, SQDLAJ open 


2.7 4.65 


VOL Low-level output voltage 


RXO 


Vcc - 4.75 V, 
SQDLAJ at 2 V 


lOL = 8 mA 


0.45 


V 


SQO 


IOL=16mA 


0.5 


lOL = 8 mA 


0.35 0.5 


SQRXO 


Vcc = 4.75 V, 
VlD(RXI) = 50 mV 


•OL = 8 mA 


0.45 


IOL= 16 mA 


0.5 


l|H High-level input current 


SQDLI 


V| = 2.4V 


20 


MA 


l|L Low-level input current 


V| = 0.5 V 


-35 


ma 


IQS Short-circuit output current 


RXO 


Vcc = 5.25 V, Vo = 0 


-15 -85 


mA 


SQO 


-15 -100 


SQRXO 


Vcc = 5V, V O = 0 


-0.8 -1 -1.2 


r\ Input resistance 




10 


kQ 


V IT- (sq) Squelch preset input threshold voltage 


V C C = 5V, 
SQTHAJ open 


V|c = 1.5 V to 3.5 V 


-525 -600 -675 


mV 


V|c = -2.5 V to 1.5 V 
or3.5Vto5V 


-500 -700 


mV 


Ratio of SQTHAJ input voltage to 
actual squelch threshold voltage 


SQTHAJ at 200 mV to 4 V 


-1.9 -2.1 




driver and receiver 


ICC Supply current 


Vcc ■ 5.25 V, Driver outputs disabled, 
No load 


70 


mA 



t All typical values are at Vcc = 5 V, T A = 25°C. 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 
input voltage Vic and threshold levels V|T + and V|t_ . 
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switching characteristics, Vcc = 5 V, Ta = 25°C 



driver 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


SR Differential-output slew rate 


V 0 = -2Vto2V, See Figure 1 
n(_=iuuLZ ^aiTTereniiaij, 


28 40 52 


mV/ns 


. Differential-output delay time 
WD) dd(OD)+ and td (0 D)-) 


Ci_=15pF, See Figure 2 
R\_ =100 Q (differential), 


160 


ns 


Differential-output delay time difference 
(td(OD)+ " kl(OD)-) 


RL=100 Q (differential), See Figure 2 


5 


ns 


tPHZ 




See Figure 3, 4, and 5 


220 


ns 


tPLZ 


Disable time from DATEN 


300 


ns 


tPZH 




220 


ns 


tpZL 


Enable time from DATEN 


290 


ns 


tpzH Enable time from DLEN 


250 


ns 


tw(en) Enable pulse duration time (with DLEN low) 


C ex t=100pF, R ex t = 62kQ, 
See Figure 6 


2 2.5 3 


MS 


receiver 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


ten(RX) Receiver enable time 


Squelch off, See Figure 7 


117 


ns 


tPLH Propagation delay time, low- to high level output 


Squelch off, See Figure 8 


20 35 


ns 


tPHL Propagation delay time, high- to low level output 


Squelch off, See Figure 8 


22 35 


ns 


td(unsq) Unsquelch delay time 


C ex t = 50pF, R ex t = 51 kQ, 
See Figure 9 


1 1.2 1.45 


\1S 


C ex t=15pF, R ext = 6.8 kQ, 
See Figure 9 


1 80 


ns 



DLEN at 3 V 



PARAMETER MEASUREMENT INFORMATION 

5 V 

R ex t = 62 kQ 

Input 



DRDLAJ 



5V 

i 



X c ext - 100 pF 



— . 3V 

ov 




I » -r- DRO+ 

\\ < Rl = 100Q Output 
k^|oi 1— DRO- 



Output -A 



* 2 V 

X- ov 

|TC= -2V 

t r N- N- t f 

SR 



DATEN at 0.5 V 



TEST CIRCUIT 



4 V 



t r or t f 
VOLTAGE WAVEFORMS 



NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50a 

Figure 1 . Test Circuit and Voltage Waveforms for Driver Slew Rate 
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PARAMETER MEASUREMENT INFORMATION 

5V 




DATEN at 0.5 V C L = 15pF 
(see Note B) 

TEST CIRCUIT 



PE-64352 
or Equivalent 
(see Note C) 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 

B. C|_ includes probe and jig capacitance. 

C. When measuring differential-output delay time difference, switches S1 and S2 are closed (Isolation transformer from Pulse 
Engineering P/N PE-64352). 

Figure 2. Test Circuit and Voltage Waveforms for Driver Differential Delay Time 
5 v 

R ex t = 62 kQ 



DLEN at3V 
DRIatOVor3V 



Generator 
(see Note A) 




Output 



Input 



1.5 V 1.5 V 

|\ L\ 

I I 0.5 V 



DR0 " T S^NotoB) > Rl = 10 °" tpzH-^ tpHZ^I V 

-= i I / ^ 

Output / 2 ; 



3V 
0V 

VOH 



2.3 V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 500 kHz, duty cycle < 50%, t r < 6 ns, 
tf < 6 ns, Zo = 50 Q. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Test Circuit and Voltage Waveforms for Driver Enable and Disable Time 
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PARAMETER MEASUREMENT INFORMATION 

5V 

< R ext = 62 kC2 



DRDLAJ 



^ C ex t = 100pF 




RL = 100 Q Input 



input / 



° Ut P Ut tpzL -4**| t PLZ -M^ 



3V 
OV 



Cl = 50 pF 
(see Note B) 



Output 



0.5 V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 200 kHz, duty cycle < 50%, t r < 6 ns, 
tf < 6 ns, Zo = 50 a 
B. Cl includes probe and jig capacitance. 

Figure 4. Test Circuit and Voltage Waveforms for Driver Enable and Disable Time 

5V 

R 6 xt = 62 kD 




Input y ^1.5V 



3 V 



\— — ov 



Output 



tPZH 



Output 



C L = 50pF^p > RL = 100Q 



Voh 

>w «0 V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo « 50 Cl 
B. C|_ includes probe and jig capacitance. 

Figure 5. Test Circuit and Voltage Waveforms for Enable Time From Delay Enable 
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PARAMETER MEASUREMENT INFORMATION 

5V 

R ex t = 62 kfl 




-j- C ex t = "<00pF 
DRO+ 

r 



» Output 

f^Tlg C L = 50pF >R L = 100Q 

_[_ (see Note B) j_ 



DATEN at 3 V 

TEST CIRCUIT 



Input 




Output 



VQLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 200 kHz, duty cycle < 50%, t r < 6 ns, 
tf < 6 ns, Zq - 50 CL 
B. C{_ includes probe and jig capacitance. 

Figure 6. Test Circuit and Voltage Waveforms for Enable Pulse Duration With Delay Enable Low 

5V 




Rext = 51 kn 



SQDLAJ 



^ C ex t = 50 pF 



Input 



1.5 V 1.5 V 



3V 



ov 



1.5 V 



Open 



RXI+ 

RX ° t Output Sj 

fs^Hj 4^c l =i5pf 0utput \ 



ten(RX) 



1.3 V 1.3 V 



SQTHAJ | | ^ < 

SQRXO SQDLI J_ ( seeNoteB ) 



VOH 



vql 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 500 kHz, duty cycle < 50%, t r < 6 ns, 
tf < 6 ns, Zo = 50 Q. 
B. C|_ includes probe and jig capacitance. 

Figure 7. Test Circuit and Voltage Waveforms for Receiver Enable (Unsquelch) Time 
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PARAMETER MEASUREMENT INFORMATION 

5V 




SQDLAJ . 



Rext = 51 kQ 



T C ex t = 50 pF 



Input 



1.5 V 1.5 V 



1.5 V 



Open 



tpLH 

T 0u * ut Output / 13V 13 v\ 



3V 



ov 

tPHL 



SQTHAJ ^kC L = 15 P F 

SQDLI (see Note B) 

3 V 



V 0 H 

vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 a. 
B. C|_ includes probe and jig capacitance. 

Figure 8. Test Circuit and Voltage Waveforms for Receiver Propagation Delay Time 




^p- ^ext 



Output 



Input 



Output 



1.5 V 1.5 Vj 



3V 



0V 



*d(unsq) 



SQDLI 
TEST CIRCUIT 



N^j^V 1.3 Vyl^ 



VOLTAGE WAVEFORMS 



VOH 

vol 



Figure 9. Test Circuit and Voltage Waveforms for Unsquelch Duration Time 

NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR ^ 1 00 kHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zq = 50 a 



2-118 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75ALS085 

LAN ACCESS UNIT INTERFACE DUAL DRIVER/RECEIVER 



SLLS054B - APRIL 1989 - REVISED MAY 1995 



Meets or Exceeds the Requirements of IOS 
8802.3:1989 and ANSI/IEEE Std 802.3-1988 
Interdevice Loop-Back Paths for System 
Testing 

Squelch Function Implemented on the 
Receiver Inputs 

Drivers Will Drive a Balanced Load 
Transformer Coupling Not Required in 
System 

Power-Up/Power-Down Protection (Glitch 
Free) 

Isolated Ground Pins for Reduced Noise 
Coupling 

Fault-Condition Protection Built into the 
Device 

Driver Inputs Are Level-Shifted ECL 
Compatible 



DW OR NT PACKAGE 
(TOP VIEW) 



TXI1[ 


1 u 


24 


]TX01 


TXEN1 [ 


2 


23 


]TX01 


LOOP1 [ 


3 


22 


]v C c 


GND[ 


4 


21 


] RXI1 


RXEN1 [ 


5 


20 


] RXI1 


RX01[ 


6 


19 


] GND 


RX02[ 


7 


18 


] GND 


RXEN2[ 


8 


17 


]RXI2 


GND[ 


9 


16 


]RXI2 


LOOP2[ 


10 


15 


]v C c 


TXEN2[ 


11 


14 


]TX02 


TXI2[ 


12 


13 


]TX02 



description 



The SN75ALS085 is a monolithic, high-speed, advanced low-power Schottky, dual-channel driver/receiver 
device designed for use in the AUI of ANSI/IEEE Std 802.3-1988. The two drivers on the device drive a 78-Q 
balanced, terminated twisted-pair transmission line up to a maximum length of 50 meters. In the off (idle) state, 
the drivers maintain minimal differential output voltage on the twisted-pair line and, at the same time, remain 
within the required output common-mode range. 

With the driver enable (TXEN) high, upon receiving the first falling edge into the driver input, the differential 
outputs will rise to full-amplitude output levels within 25 ns. The output amplitude is maintained for the remainder 
of the packet. After the last positive packet edge is transmitted into the driver, the driver will maintain a minimum 
of 70% full differential output for a minimum of 200 ns, then decay to a minimum level for the reset (idle) condition 
within 8 \is. Disabling the driver by taking the driver enable low will also force the output into the idle condition 
after the normal 8-lis timeout. While operating, the drivers are able to withstand a set of fault conditions and not 
suffer damage due to the faults being applied. The drivers power up in the idle state to ensure that no activity 
is placed on the twisted-pair cable that could be interpreted as network traffic. 

The line receiver squelch function interfaces to a differential twisted-pair line terminated external to the device. 
The receiver squelch circuit allows differential receive signals to pass through as long as the input amplitude 
and pulse duration are greater than the minimum squelch threshold. This ensures a good signal-to-noise ratio 
while the data path is active and prevents system noise from causing false data transitions during line shutdown 
and line-idle conditions. The RXO outputs default to a high level and the RXEN outputs default to a low level 
while the squelch function is blocking the data path through the receiver (idle). The line receiver squelch will 
become active within 50 ns when the input squelch threshold is exceeded. RXEN will be driven high when the 
squelch circuit is allowing data to pass through the receiver. The receiver squelch circuit can also withstand a 
set of fault conditions while operating without causing permanent damage to the device. 



PRODUCTION data Information is current as of publication date. _ Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas instruments Warn 

standard warranty. Product 

testing of all parameters. 



standardwarranty Production processing does not necessarily include ^IfflF 
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description (continued) 

The purpose of the loop functions is to provide a means by which system data path verification can be done to 
isolate faulty interfaces and assi st in netw ork diagnosis. The LOOP pins are TTL compatible and must be held 
high for normal operation. When LOOP1 is taken low, the output of driver 1 (TX01 ) immediately goes into the 
idle state. Also, the input to receiver 1 is ignored and a path from TXI1 to RX01 is esta blished. When LOOP1 
is taken back high, driver 1 and receiver 1 revert back to their normal operation. When LOOP2 is taken low, a 
similar data path is established between TXI1 and RX02. TXEN1 must be high for the loop functions to operate 
and TXEN1 can be used to gate the loop function if desired. During loop operation, the respective receiver 
enable output (RXEN) will reflect the status of TXEN1 ... 

Function Tables 



RECEIVER- LOOP = H 





OUTPUTS 


RXI 


PREVIOUS RXEN 


RXEN 


RXO 


V|D = 1315mVto-175mV, 


t w < 25 ns 


L 


L 


H 


V|D = -275mVto-1315mV, 


t w > 50 ns 


X 


H 


L 


V|D = 318mVto1315mV, 


t w < 142 ns 


H 


H 


H 


V|D = 318mVto1315mV, 


t w > 1 87 ns 


X 


L 


H 



DRIVER- LOOP = H 



TXI 


TXEN 


PREVIOUS TXO 


OUTPUT TXO 


L 


L 


Idle 


Idle 


H 


L 


Idle 


Idle 


i 


H 


Idle 


L 


L 


H 


Active 


L 


H< 260 |is 


H 


Active 


H 


H>8ns 


H 


Active 


Idle 


L 


L>8ms 


Active 


Idle 


H<260 ns 


L>8ps 


Active 


Idle 


H<260ns 


L < 260 ns 


Active 


H 


H>8ns 


L < 260 ns 


Active 


Idle 


L 


L< 260 ns 


Active 


L 



H = V| > Vt max, L - V| £ Vt min 

LOOP 



INPUTS 


OUTPUTS 


LOOP! 


LOOP2 


TXI1 


TXEN1 


RXI1 


RXI2 


RX01 


RX02 


RXEN1 


RXEN2 


TX01 


L 


L 


L 


H 


X 


X 


L 


L 


H 


H 


Idle 


L 


L 


H 


H 


X 


X 


H 


H 


H 


H 


Idle 


L 


L 


X 


L 


X 


X 


H 


H 


L 


L 


Idle 


L 


H 


L 


H 


X 


Normal 


L 


Normal 


H 


Normal 


Idle 


L 


H 


H 


H 


X 


Normal 


H 


Normal 


H 


Normal 


Idle 


L 


H 


X 


L 


X 


Normal 


H 


Normal 


L 


Normal 


Idle 


H 


L 


L 


H 


Normal 


X 


Normal 


L 


Normal 


H 


Idle 


H 


L 


H 


H 


Normal 


X 


Normal 


H 


Normal 


H 


Idle 


H 


L 


X 


L 


Normal 


X 


Normal 


H 


Normal 


L 


Idle 


H 


H 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 


Normal 



H = high level, L * low level, X - don't care 
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logic diagram (positive logic) 



RXEN1 




RXEN2 



TXEN2 







13 
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schematics of inputs and outputs 



4ka < :4 



RXI AND RXI INPUTS 
V C C 

in , 



RXI — f wv—f 

I ESP I 



"5+ 




RXI 



1 kn i (^) 



LOOP AND TXEN INPUTS 

vcc 

: 20 kQ 



LOOP_ 
and 
TXEN 




RXO AND RXEN OUTPUTS 
Vcc 




5kQ 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage , V<x (see Note 1 ) 6 V 

TXI and LOOP Input voltage, V| 5.5 V 

TXO and TXO output voltage, Vp 16 V 

RXI and RXI input voltage, V! 16 V 

RXO and RXEN output voltage, V 0 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg - 65 °C to 1 50 °C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


DW 


1350mW 


10.8 mW/°C 


864 mW 


NT 


1250mW 


10.0 mW/°C 


800 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


Common-mode voltage at RXI inputs, Vic 


1 4.2 


V 


Differential voltage between RXI inputs, V|q 


±318 ±1315 


mV 


High-level input voltage, LOOP and TXEN, Vm 


2 


V 


Low-level input voltage, LQOP and TXEN, V|i_ 


0.8 


V 


High-level output current, RXO and RXEN, Ioh 


-0.4 


mA 


Low-level output voltage, RXO and RXEN, Iql 


16 


mA 


Setup time, driver mode, TXEN high before TXIi, t su i (see Figure 7) 


10 


ns 


Setup time, loop mode, LOOP low before TXENT, t SU 2 (see Figure 9) 


15 


ns 


Setup time, loop mode, TXEN high before TXIi, t SU 3 (see Figure 9) 


10 


ns 


Hold time, loop mode, TXEN high after TXlt, t n i (see Figure 8) 


10 


ns 


Hold time, loop mode, LOOP low after TXEN4, t n 2 (see Figure 8) 


15 


ns 


Operating free-air temperature, T A 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|k Clamp voltage at all inputs 


l| = -18mA 


-1.5 


V 


V(TO) Driver input (TXI) threshold voltage 


Ta - o°c 


Vcc = 4 - 7 5 V 


3.202 3.752 


V 


V C C = 5V 


3.389 3.998 


V CC = 5.25 V 


3.577 4.244 


Ta = 25°C 


Vcc = 4.75 V 


3.213 3.797 


V 


V C C = 5 V 


3.400 4.043 


Vcc = 5.25 V 


q coo a noQ 


Ta = 70°C 


Vcc = 4.75 V 


3.239 3.849 


V 


Vcc - 5 V 


3.426 4.095 


V C C - 5.25 V 


3.614 4.341 


Receiver differential input threshold voltage 




-275 


mV 


\J r\r^ Dri\/pr outnut fTXCM mmmnn-mnrip x/oltanp 

V (11, L^l IVvl vUl^Ul \ 1 AV V-/ J \s\J\ till IUI 1 [IIVAiv V \Jl LC4^ w 


Idle 


TXEN at 0.8 V, LOOP1 at2V, 
LOOP2at2V, See Figure 1 


1 4.2 


V 


Active 


TXEN at 2 V, LOOP1 at2V, 
LOOP2at2V, TXI at 3.2 V, 
See Figure 1 


1 4.2 


Active 


TXEN at 2 V, LOOP1at2V, 
LOOP2at2V, TXI at 4.4 V, 

Qpp Pint irp 1 


1 4.2 


v OD Driver output (TXO) differential voltage 


Idle 


TXEN at 0.8 V, LOOP1 at2V, 
LOOP2 at 2 V, See Figure 1 


±40 


mV 


Active 


TXEN at 2 V, LOOP1 at2 V, 
LOOP2at2V, TXI at 3.2 V, 
See Figure 1 




Active 


TXEN at 2 V, LOOP1at2V, 
LOOP2at2V, TXI at 4.4 V, 
See Figure 1 


600 1315 


VqH High-level output voltage 


RXO, RXEN 


|qh = -0.4 mA 


2.4 


V 


Vql Low-level output voltage 


RXO, RXEN 


Iql = 1 6 mA 


0.5 


V 


l|H High-level input current 


TXEN, LOOP 


V| = 2 V 


20 


MA 


TXI 


V| = 4.5V 


400 


RXT, RXI 


V|D = -0.5V, V|C = 1 V to 4.2 V 


1000 


IjL Low-level input current 


TXEN, LOOP 


V| = 0.8V 


-200 


mA 


TXI 


V| = 3.1 V 


100 


V| = 0.3 V 


4 10 


RXI, RXI 


V|D = 0.5V, V|C = 1Vto4.2V 


1000 


lOD Driver differential output current 


Idle 


TXEN at 0.8 V, LOOP1 at2V, 
LOOP2at2V, See Figure 2 


±4 


mA 


Iqs Short-circuit output currentt 


RXO, RXEN 


VoatOV, RXIat3V, 
RXI at 2 V 


-40 -150 


mA 


ICC Supply current 


LOOP2at2V, TXEN at 2 V, 
TXI at 4.5 V, Outputs open 


225 


mA 



t Not more than one output should be shorted at a time, and the duration of the test should not exceed 1 second. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



PARAMETER 
rMHMIVIE I En 


TEST CONDITIONSt 


MIM MAY 
MIR NIHA 


UNIT 




i xu snortea to i xu, 


Current measured in short 


1 OU 






i xu at o v, 


TXO is open, 


Current measured at TXO 








i au is open, 


TXOatO, 


Current measured at TXO 


i*>n 




urivoi leiuu condition curiam 


i au at u v, 


TXO atOV, 


Current measured at TXO and TXO 


i*>n 


mA 




TYH af 1 ft V 
1 AU ol I O V, 


TXO is open, 


Current measured at TXO 


1 en 






TXO is open, 


TXO at 16 V, 


Current measured at TXO 


150 






TX0at16V, 


TX0at16V, 


Current measured at TXO and TXO 


150 






RXI shorted to RXI, 


Current measured in short 


10 






RXIatOV, 


RXI is open, 


Current measured at RXI 


3 






RXI is open, 


RXIatOV, 


Current measured at RXI 


3 




Receiver fault condition current 


RXIatOV, 


RXIatOV, 


Current measured at RXI and RXI 


3 


mA 




RXI at 16 V, 


RXT at open, 


Current measured at RXI 


10 






RXI at open, 


RXIat16V, 


Current measured at RXI 


10 






RXI at 16 V, 


RXI at 16 V, 


Current measured at RXI and RXI 


10 





t Fault conditions should be measured on only one channel at a time. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
low-to-high level output 


TXI 


TXOTXO 


TXEN at 2 V, See Figure 3 


15 


ns 


Propagation delay time, 
PHL high-to-low level output 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 3 


15 


ns 


Propagation delay time, 
idle-to-low level output 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 4 


25 


ns 


Propagation delay time, 
PIL idle-to-low level output 


TXEN 


TXO, TXO 


TXI at 3.2 V, See Figure 5 


25 


ns 


Output pulse duration from low- 
w to-high level to 70% output level 




TXO, TXO 


TXEN at 2 V, See Figure 6 


260 8000 


ns 


v Driver output differential 
OD(U) undershoot voltage 


TXI 


TXO.TXO 


TXEN at 2 V, See Figure 6 


-100 


mV 


Driver caused signal skew 
sk tPLH-tPHL 


TXI 


TXO.TXO 


TXEN at 2 V, See Figure 3 


±3 


ns 


t r Rise time, TXO, TXO 






TXEN at 2 V, See Figure 3 


1 5 


ns 


tf Fall time, TXO, TXO 






TXEN at 2 V, See Figure 3 


1 5 


ns 


receiver 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
p LH low-to-high level output 


RXI, RXI 


RXO 


Vic = 1 V to 4.2 V, See Figure 1 0 


15 


ns 


Propagation delay time, 
high-to-low level output 


RXI, RXI 


RXO 


Vic = 1 V to 4.2 V, See Figure 1 0 


15 


ns 


Start-up delay time, 
PLH low-to-high level output 


RXI, RXI 


RXEN 


Vic = 1 V to 4.2 V, V|D = -500 mV, 
See Figure 12 


55 


ns 


Shutdown delay time, 
high-to-low level output 


RXI, RXI 


RXEN 


V|c=1 V to 4.2 V, V|Q = 500mV, 
See Figure 12 


142 181 


ns 


Receiver caused signal 
sk skew(tpLH-tpHL) 


RXI, RXI 


RXO 


Vic = 1 V to 4.2 V, V|D = 500 mV, 
See Figure 1 0 


±3 


ns 


' Pulse duration at RXI and RXI 
w (to not activate squelch) 






V|c = 1 V to 4.2 V, V|d = -175 mV, 
See Figure 11 


25 


ns 


t Pulse duration at RXI and RXI 
w (to activate squelch) 






V|C = 1 V to 4.2 V, V|D = -275mV, 
See Figure 11 


50 


ns 


t r i Rise time, RXO 






V|c = 1 V to 4.2 V, V|D = ±500mV, 
See Figure 1 0 


1 8 


ns 


tr2 Rise time, RXEN 






Vic = 1 V to 4.2 V, V|D = ±500mV, 
See Figure 1 2 


1 8 


ns 


tfi Fall time, RXO 






V|c - 1 V to 4.2 V, V|D = ±500 mV, 
See Figure 10 


1 8 


ns 


t f2 Fall time, RXEN 






V|C = 2.5V, V|D = ±500V, 
See Figure 12 


1 8 


ns 


t v RXO valid after RXEN high 






See Figure 1 0 


-10 15 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

loop 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 
"LH low-to-high level output 


TXI 


RXO 


LOOP at 0.8 V, TXEN at 2 V, 
See Figure 1 3 


30 


ns 


Propagation delay time, 
PHL high-to-low level output 


TXI 


RXO 


LOOP at 0.8 V, TXEN at 2 V, 
See Figure 13 


30 


ns 


Propagation delay time, 
PLH low-to-high level output 


TXEN 


RXEN 


LOOP at 0.8 V, See Figure 1 4 


50 


ns 


Propagation delay time, 
PHL high-to-low level output 


TXEN 


RXEN 


LOOP at 0.8 V, See Figure 1 4 


50 


ns 



TXI- 



TXO 



PARAMETER MEASUREMENT INFORMATION 

Vfxo 

39® 



r 

VOD 



£39 ft 



VTXO 



voc 

A 



i~ TXO 

_hsr 

TXI — ^ 

' ' TXO 



lOD 



Figure 1. Driver Test Circuit 



Figure 2. Driver Test Circuit 
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TXI — ^ 



PARAMETER MEASUREMENT INFORMATION 



TXI 




3kD 



3kQ 



sjy 25 pF 

TEST CIRCUIT 



^60% 50%^^ 



4.5 V 
3V 



*PLH 



*~ i tpHL 

_/[ 90O/O 900/c X ~~ ~ ~ " V0D + 



I I 



VOD- 



-V ->j |*-t f 

VOLTAGE WAVEFORMS 
TRANSFORMER SPECIFICATIONS 



Turns Ratio 

Magnetizing Inductance 
Winding Resistance 
Rise Time 1 0% to 90% 
Interwinding Capacitance 
Leakage Inductance 
Inductive Q 



1:1 

26to30n.H 
0.6 CI Max 
5 ns Max 
25 pF 

0.25 uJH Max 
1250 Min 



Figure 3. Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 




3kO 



3kQ 



t See Figure 3 



TEST CIRCUIT 



TXI 



"N ^50% 



4.5 V 
• 3V 



TXO 



M *j— tp|L 

,DLE 

90% \ 



VOD- 



VOLTAGE WAVEFORMS 

NOTE: Input t r < 5 ns; tf < 5 ns 

Figure 4. Test Circuit and Voltage Waveforms 



txen- 



txi- 




TXO 



TXO 



^25 P F | 39Q Vqd 
' ^.01 jiF 
39 Q £ <I> 



✓js 25 pF 




t See Figure 3 



TEST CIRCUIT 



TXEN 



jf 50% 



2V 
0.8 V 



N — ^ t PIL 

r _4 | d | e 



TXO 



90%V- 



VqD- 



3kQ 



3kQ 



VOLTAGE WAVEFORMS 

Figure 5. Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



TXI- 



t See Figure 3 




3kQ 



3kQ 



TXO 



50% 



70% 

r _^qp(U)_ 



T 1 

H — t w ^ 

VOLTAGE WAVEFORMS 

Figure 6. Test Circuit and Voltage Waveforms 

— 2V 

0.8 V 

-— 4.5 V 
3V 



VOH 

vol 



TXEN 



TXI 



y 50% 

A 

|« H *su1 



Figure 7 



TXI 



^50%" 



TXEN 



LOOP 



r* *j- t h 1 



50% 



-th2- 



Figure 8 



4.5 V 
3V 
2V 
' 0.8 V 

• 2V 
0.8 V 



NOTE: Input t r < 5 ns; tf < 5 ns 
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PARAMETER MEASUREMENT INFORMATION 



RXI 



RXEN 



RXO 



LOOP 
TXEN 



TXI 



^ ^50% 



t SU 2 



if50% 

A 

W- *su3- 



a 

; 50% 



2V 
0.8 V 
2V 
0.8 V 

4.5 V 
3V 



Figure 9 



20 pF 




RXEN 



RXO 



20 pF 



TEST CIRCUIT 



1 V 
V 



- 

I I 



90% I 

.+. L. 

i 

J u. 



V 

VOH 



1.3 V 



Nc 1.3 Vjj?" »% 



I, 

-H^j^- tf1 



10% 

VOLTAGE WAVEFORMS 



V|L 



VOH 



90%n \ll.3V 

10% V— - vol 



Figure 10. Test Circuit and Voltage Waveforms 

NOTE: Input t r < 5 ns; tf < 5 ns 
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PARAMETER MEASUREMENT INFORMATION 

RXEN 




RXEN 



VOLTAGE WAVEFORMS 

Figure 11. Test Circuit and Voltage Waveforms 



RXI« 



RXEN 



20 pF 




RXEN 



RXO 



TEST CIRCUIT 



-40 mV 



- tpLH ■ 



1 V 
-1 V 



tPHL M 



90% 



I i 



90% \[~ 

j\ 10% 

I 



- Vqh 



vol 



H" t f2 

VOLTAGE WAVEFORMS 

Figure 12. Test Circuit and Voltage Waveforms 

NOTE: Input t r < 5 ns; tf £ 5 ns 
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PARAMETER MEASUREMENT INFORMATION 



— — — 4.5 V 

YX| "~\.oir/o 7- 50% 



\50% /i 
, f \ 3V 

tPHL^ H N ►h tpLH 

J \j VOH 

RXO \1.3V 1.3 V / 

> * Vol 

Figure 13 



y^50% 50°/^!^ 



2V 

TXEN 

0.8 V 

tPLH-j* H |4-tpHL 

I/ V I V 0 H 

RXEN /l.3V 1.3 V 



vol 
Figure 14 



NOTE: Input t r < 5 ns; tf < 5 ns 
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Meets or Exceeds the IEEE STD 802.31, 

Type 10BASE-T 

Differential (Twisted-Pair) I/O 

Driver/Receiver 

High-Speed Receiver . . . t pc j = 50 ns Max 

Receiver Squelch Circuit Integrity Improved 
With Noise Filter 

Jabber Control Prevents Network Lockup 
Collision Detection for Multiple-User 
Networks 

Data Link Integrity Monitored With Link 
Test Pulse 

Externally Addressable Test Register 
Controls Signal Quality Error Testing 

CMOS and Raised ECL Compatible 

24-Terminal, 300-mil Dual-ln-Line Package 



DW PACKAGE 





(TOP VIEW) 


CLKOUT [ 


, u 

1 


24 


1 Y1 
J X1 


TXDATAA [ 


2 


23 


] X2 


TXDATAB [ 


3 


22 


] SQEEN 


TXEN [ 


4 


21 


] TX+ 


GND (L) [ 


5 


20 


]TX- 


V CC(L) [ 


6 


19 


] GND (P) 


GND (L) [ 


7 


18 


] V CC(P) 


RXDATAA [ 


8 


17 


] FULLD 


RXDATAB [ 


9 


16 


] RX+ 


RXEN [ 


10 


15 


] RX- 


LOOP[ 


11 


14 


] CTL 


LINK [ 


12 


13 


] JABB 



description 



The SN75LBC086 is a single-channel differential driver/receiver interface device for the medium attachment 
unit (MAU) used in 10-MHz twisted-pair Ethernet applications. The device uses a 5-V supply and is designed 
to interface with two pairs of telephone-grade twisted-pair cables coupled through isolation transformers. The 
functional components of the device include a differential receiver and driver, receiver squelch with noise filter, 
jabber controls, collision detection, data link monitor, and signal quality error (SQE) testing. The LinBiCMOS™ 
process technology is used in the device design to ensure analog precision, low power, and high-speed 
operation. 

The device contains an elaborate receiver-squelch circuitt that provides an improved level of noise rejection 
by qualifying the incoming signal stream with three different criteria. First, the signal is compared to a set 
threshold voltage level. Then, the pulse duration is compared to a set time window. Last, the signal must follow 
a set pattern of positive and negative pulses before the circuit finally opens the receiver channel to the incoming 
data packet. 

The jabber control is designed to prevent a defective controller from locking up the network by limiting the data 
packet transmission time to 20 to 30 ms. When a packet length exceeds 20 to 30 ms, the driver is turned off for 
about 600 ms. The driver-enable input must be made inactive by the controller during this period before the 
jabber control will release the driver. The JABB output is active (high) when a jabber condition exists. 

Collision detection is used to arbitrate access to the multiuser network. This detection is done logically by 
monitoring the receive line for a valid signal during a driver transmission. When a collision is detected, this device 
informs the controller with an active-high CTL output. After a valid packet transmission, the device also perf orms 
a signal quality error test causing the CTL output to go active (high) . This test is disabled when the SQEEN input 
goes inactive (high). 

The device tests data-link integrity during the idle state by periodically driving the driver line with a unipolar pulse 
called a link-test pulse. The receiver looks for this link-test pulse on the receive line. A failed line link is indicated 
by a high-impedance state at the LINK output. This output drives an LED for monitoring if needed. 



An internal test register is externally controlled with inputs FULLD and LOOP to select the device testi ng mode . 
When in the test mode, serial test-mode control patterns are clocked into the test register through input SQEEN. 
These control patterns select various modes to test the internal circuits. 

t Embodies technology covered by one or more Digital Equipment Corporation Patents. 
LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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functional block diagram 



VCC(P) — 
VCC(L) — 



FULLD^— [> 



TXEN — 



Chip and 
Power-Up 
Reset 



Test Register 
and Device 
Mode Control 



TXDATAB — 
TXDATAA — 



RX+ — -n 
SQEIN ^ -f> 



Receiver 
Squelch 
Circuit 



Collision 
Detection 
Control 



Clock 




Generator 





Crystal 
Oscillator 



"It 



Signal Quality 
Error Test 
Circuit 



Driver and 



CLKOUT 



Jabber Timer 






and 
Control 




16:1 
MUX 


r" 



Status 
Lines | 



Link Pulse 
Monitor and 
Control 



16:1 | fS ^ 13 
MUX | 

"*H [X. 14 
MUX | 

— 



TX+ 



JABB 



CTL 
LINK 



-t> 



Receiver 
Output 
MUX 







-J3 RXEN 

— RXDATAB 

— RXDATAA 

-5»Z GND(L) 
GND(P) 
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Terminal Functions 



TERMINAL 
NAME LEVEL NO. 


l/U 


UBdwnir 1 \\Jri 


CLKOUT CMOS 1 


0 


Clock output. This 1 0-MHz buffered clock drives other interface devices. 


CTL CMOS 14 


0 


Control. In normal mode, CTL high indicates a collision. In test mode, status lines are muxed out. 


FULLD TTL 17 


I 


Full-duplex mode. When active (low), the device is placed in the full-duplex operating mode for simple 
point-to-point communication applications. In the full-duplex mode, the receiver and driver are both 
active with collision detection disabled. After LOOP and FULLD go active (low), in that order, a device 
reset is initiated and while both are active (low), test select data clocks into the test register using a 
100-ns clock at the X1 input. This terminal is held inactive (high) due to an internal pullup resistor. 


oInU (L) onUUlNU 0 
7 




Logic grounds. These terminals provide a ground return for the CMOS core logic. 


GND(P) GROUND 19 




Power ground. This provides a ground return for the input and output buffers, driver (transmitter), and 
receiver circuits. 


JABB CMOS 13 


0 


Jabber control. When a jabber condition exists during normal mode operation, this signal goes active 
(high) to report jabber-control status tothe controller. In the test mode, this provides a multiplexed signal 
for internal timer and counter functions. 


LINK CMOS 12 


0 


Link status. This 3-state output indicates the status of the receiver and interface link. When driving an 
LED (with anode to resistor to Vqc). a high-impedance level indicates a failed link and the LED is off. 
A momentary high level indicates the device is receiving valid data and the LED is blinking on and off. 
A continuous low level indicates the device is receiving valid link pulses but no data, and the LED is on. 


LOOP TTL 11 


I 


Loop-back mode. When the device is in the normal operating mode (not test mode) and LOOP is active 
(low), the driver (transmit) data is directed to the receive data path to put the device in the loop-back 
mode and the driver is turned off. After LOOP and FULLD go active (low), in that order, a device reset 
is initiated and while both are active (low), test select data clocks into the test register using a 100-ns 
clock at the X1 input. This terminal is held inactive (high) due to an internal pullup resistor. 


RX+ 16 
RX- 15 


I 
I 


Differential receiver inputs 


RXEN CMOS 10 


0 


Receiver squelch status. This provides squelch status information to the controller. When active (high), 
this signal indicates that the data path is valid or open from the receive channel through the device. An 
inactive (low) indicates that the receive channel is squelched or closed. This signal is capable of driving 
an LED monitor. 


RXDATAA CMOS 8 
RXDATAB ECL 9 


0 
0 


Received-data serial outputs. These outputs provide a choice of logic levels and serial data either from 
the differential receiver input (RX+ and RX-) or data from the controller (TXDATAA or TXDATAB) when 
in the loop-back mode. When the receiver is idle, these output levels are normally high. These terminals 
are held inactive (high) due to an internal pullup resistor. 


SQEEN TTL 22 


I 


Signal-quality error-test enable. I n normal operating mode, this enables the SQE test function performed 
at the end of a data packet transmission. In the test mode, SQEEN is used (with X1 clock) as a serial 
data input port to load test patterns or selections into the test register. This terminal is held inactive (high) 
due to an internal pullup resistor. 


TX+ 21 


0 


Differential driver outputs 


TX- 20 


0 


TXEN TTL 4 


I 


Transmitter (driver) enable. When TXEN is active (high), serial data at the TXDATA inputs starts and 
stops the driver. When TXEN is inactive (low), the driver begins transmitting an idle signal independent 
of the TXDATA inputs. 


TXDATAA CMOS 2 
TXDATAB ECL 3 


I 
I 


Transmit-data inputs. A choice of logic-level inputs provide Manchester-encoded serial data to the 
driver. Internal pullup resistors are included. 


VCC(L) SUPPLY 6 




V CC lo 9 ic power supply. This provides power to the CMOS core logic. 


VCC(P) SUPPLY 18 




Vcc power supply. This provides power to the input and output buffers, drivers, and receivers. 


X1 CMOS 24 
X2 23 


I 

0 


Crystal input/output. X1 provides an input from an external 10-MHz crystal or another external clock 
source when the crystal is disconnected. X2 provides an oscillator output. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1) -0.5 V to 7 V 

Input voltage range at any input, V| . . . . -0.5 V to 5.5 V 

Output voltage range at any output, Vq -0.5 V to 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A . . . . . 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to device ground pins GND(L) and GND(P) shorted together. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 


DERATING FACTOR 


T A = 70°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


DW 


1350mW 


10.8 mW/°C 


864 mW 



recommended operating conditions 





MIN 


NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 


5 5.25 


V 




TXDATAA, X1 




3.15 






TXDATAB 
(see Figure 1 ) 


T A = 0°C 


0.984VCC-0.922 


0.984V C C- 0.763 




High-level output voltage, V|h 


T A = 25°C 


0.984VCC-0.877 


0.984VCC-0.727 


V 


T A = 70°C 


0.984VCC-0.825 


0.984VCC-0-645 






TXEN, LOOP, 












FULLD, SQEEN 




2 








TXDATAA, X1 




0.8 






TXDATAB 
(see Figure 1) 


T A = 0°C 


0.75VCC-0.59 


0.75VCC-0.375 




Low-level output voltage, V| h 


T A = 25°C 


0.75VCC-0-55 


0.75VCC-0.35 


V 


T A = 70°C 


0.75VCC-0.531 


0.75Vcc~0.324 






TXEN, LOOP, 




0.8 






FULLD, SQEEN 






Differential input voltage, V id 


0.586 


2.8 


V 


Common-mode input voltage, V|c 


1.8 


3.2 


V 


Operating free-air temperature, Ta 


0 


70 


°c 



TfeXAS 

Instruments 

2-138 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75LBC086 

DIFFERENTIAL I/O DRIVER/RECEIVER PAIR 
WITH SQUELCH, JABBER CONTROL, AND COLLISION DETECTION 

SLLS120A- JUNE 1991 - REVISED SEPTEMBER 1991 



electrical characteristics over recommended operating free-air temperature and supply voltage 
range (unless otherwise noted) 

drivers 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


High-level output 
v OH voltage 


CLKOUT, RXDATAA, 
RXEN, JABB, CTL 


IOH = -12mA 


3.7 


y 


RXDATAB 


See Figure 1 


T A = 0'C 


0.984 VfjC-0.922 0.984 V<x-0.763 


V 


T A = 25°C 


0.984 Vcc-0.877 0.984 V<x-0-727 


T A = 70°C 


0.984 V CC -0.825 0.984 Vcc-0.645 


Low-level output 
voltage 


CLKOUT, RXDATAA, 
RXEN, JABB, CTL 


Iql= 16 mA 


0.5 


V 


RXDATAB 


See Figure 1 


T A = 0°C 


0.75 Vcc-0.59 0.75 Vcc-0.375 


V 


T A = 25°C 


0.75 Vcc-0.55 0.75 Vcc-0.35 


T A = 70°C 


0.75 Vcc-0.531 0.75 Vcc-0.324 


LINK 


IOL= 12 mA 


0.5 


V 


Vod Differential-output voltage (peak) 


See Figure 2 


2.2 2.8 


V 


Vqd Differential-output voltage (step) 


See Figure 2 


1.53 1.982 


V 


Common-mode 
driver impedance 


TX+, TX- 




2 5 8 


Q 



receivers 



PARAMETER 


TEST CONDITIONSt 


MIN MAX 


UNIT 


l|H High-level input current 


TXDATAA, TXEN, LOOP, FULLD, SQEEN 


V| = 5.25 V 


20 


MA 


X1 


100 


TXDATAB 


V| H = MAX 


400 


1 1 l Low-level input current 


TXDATAA, TXEN, LOOP, FULLD, SQEEN 


V| = 0 


-20 




X1 


-100 


TXDATAB 


V||_ = MIN 


-400 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

drivers and receivers 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


ICC Supply current | Vcc(L). VCC(P) 


VCC(L) = 5.25 V, V C C(P) = 5.25 V 


180 


mA 
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switching characteristics 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


MIN TYP MAX 


UNIT 


tpdi Propagation delay time t 


RX+, RX- 


RXEN 


See Figure 4 


5 bit 
times 




tpd2 Propagation delay time at startup 


RX+, RX- 


RXDATAA or 
RXDATAB high 


See Figure 4 


75 


ns 


*sk(o) Output skew time 


RXEN high 


RXDATAA or 
RXDATAB low 


See Figure 4 


±10 


ns 


tpd3 Propagation delay time after startup 


RX+.RX- 


RXDATAA or 
RXDATAB high 


See Figure 4 


50 


ns 


*sk(p) Pu,se skew time (Kpd3(LH) ~ tpd3(HL)') 


DV , QY 
nA+, HA- 


RXDATAA or 
RXDATAAB 


See Figure 4 


o 


ns 


tpd4 Propagation delay time 


RX+.RX- 


RXEN low 


See Figure 5 


155 250 


ns 


tpd5 Propagation delay time 


TXDATA or 
TXDATAB 


TX+, TX- 


See Figure 6 


75 


ns 


tsk(p) P^se skew time (tpd5(LH) - tpd5(HL)) 


TXDATAA or 
TXDATAB 


TX+, TX- 


See Figure 6 


2 


ns 


tpd6 Propagation delay time in loop mode 


TXDATAA or 
TXDATAB 


RXDATAA, 
RXDATAB 


See Figure 7 


50 


ns 


^pd7 Propagation delay time in loop mode 


TXEN high 


RXEN high 


See Figure 7 


50 


ns 


tpd8 Propagation delay time in loop mode 


LOOP low 


RXEN low 


See Figure 7 


30 


ns 


tpd10 Propagation delay time 


TXEN low 


RXEN low 


See Figure 8 


350 


ns 


tpdH Propagation delay time 


TXEN low 


TX+, TX- high 


See Figure 8 


50 


ns 


tp-j Precompensation pulse duration 




TX-+.TX- 


See Figure 6 


45 55 


ns 


t P 2 Receiver link-beat minimum pulse duration 






See Figure 9 


80 120 


ns 


t en i Enable time 


TXDATAA or 
TXDATAB 


TX+, TX- 


See Figure 6 


75 


ns 


t en 2 Enable time 


TXEN 


TX+, TX- 


See Figure 6 


75 


ns 


Disable time, caused by TXDATAA or 
dis1 TXDATAB high or TXEN low 


TX+, TX-high 


TX+,TX-at 
585-mV level 


See Figure 8 


250 


ns 


tpdi 2 Propagation delay time to looped RXEN 


TXEN high 


RXEN high 


See Figure 6 


100 


ns 


tpdi 3 Propagation delay time for looped back data 


TXDATAA or 
TXDATAB 


RXDATAA 
RXDATAB 


See Figure 6 


75 


ns 



timing requirements 





TEST CONDITIONS 


MIN MAX 


UNIT 


Setup time, test mode, SQEEN before X1 T, t su -| 


See Figure 1 0 


30 


ns 


Setup time, test mode, LOOP low before FULLD4, t SU 2 


See Figure 1 0 


25 


ns 


Hold time, test mode, SQEEN after X1T, thi 


See Figure 1 0 


25 


ns 
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PARAMETER MEASUREMENT INFORMATION 



330 a 



T 



15 pF 



TX- 



39 G 

J WV- 



100ft 



VOD 



TX+ 



39 ft 
■AAAr 



Figure 1. ECL Load Circuit 



Figure 2. Differential Load Circuit 



RX + ,RX-4° 0mV 
Diff Input 



RXEN 



RXDATAA 



RXDATAB 



6kft - 



T 



20 pF 



Figure 3. CMOS Load Circuit 



50%/ 
— — 'I 



50% 



t pd1 — H 



-►h tpd2 tpd3-]^ N 



/ — v 



j — v 



N — t p< |2 tpd3~1* ►) 



"so^ S, / \ ¥ \_ 

tsk(o)-^i<- 



Figure 4. Receiver Startup Waveforms 



RX+, RX- . 
Diff Input 



RXEN 



\ 



\ 



>300 mV 



- *pd4 " 



" ^50% 



Figure 5. Receiver Shutdown Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



|«- *pd12 +\ 



RXEN — h 
RXDATAA I 

or L 

RXDATAB " 



50% 



Bit Type 

TXDATAA 
or 

TXDATAB 
(CMOS or ECL) 



I 



50% 



"0" 



r50% 



.756-VStep 



DiffTX+, TX- 
Output ' 



l-H (^-tenl / \ 






\ 


-i— . 




0% 0%] 






1 
1 

l J 


. 90% ^ 









M 0" I 

\— r. 



2.5- V Peak 
±0.3 V 



M >h *en2 



TXEN 



50% 



TXEN « 



Figure 6. Driver Startup Waveforms 

— f 



50% 



TXDATAA - 
or 

TXDATAB 



RXDATAA (CMOS) 
RXDATAB (ECL) " 



l r 50% P 



K— ► 



-tpd6 



tpd6 



\ 50% / 
ft M-. l Pd7 



50% 



RXEN ' 



LOOP 



r — tpd8-»| 



"" ^50% 



J" 50% 



ov 

Diff 



7" 



Figure 7. Propagation Delay Waveforms in Loop Mode 
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PARAMETER MEASUREMENT INFORMATION 

"1" | "0" | 



r 



~\ r 




tpd11 



" \-50% 



- tpd10 ►! 



\so% 



Figure 8. Driver Shutdown Waveforms 



r*-t p2 -H 



Diff Input RX+, RX- 



Diff Output TX+.TX- 



tp2- 



585 mV 

|V — o 



585 mV 

|\, o 



I I 

Figure 9. Link Beat Pulse Duration Waveform 
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PARAMETER MEASUREMENT INFORMATION 



X1 



SQEEN < 



LOOP ' 



FULLD 
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\ 
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I*- th1 



A 
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Figure 10. Setup and Hold Time Waveforms 
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Meets or Exceeds the Standards Set by ISO 
8802.3:1990 and ANSI/IEEE 802.3-1990 
Receiver Squelch Circuit Integrity Improved 
With Noise Filter 

Differential (Twisted-Pair) I/O Driver and 
Receiver 

84-Pin, Plastic Leaded Chip Carrier (PLCC) 
Package 



• Control Logic Function for Local and 
Global Modes 

• Low Port-to-Port Data Propagation Delay 

• Drives Twisted-Pair Transmission Lines Up 
to 50 Meters 

• Collision Detection for Multiple-User 
Networks 



FN PACKAGE 
(TOP VIEW) 



+ CO I 

t- C/3 T- 

X > -J 

DC DC O 

W Q CO 



CO CO 



+ Q 
t- Q I 

CO Q O 



+ 2 

O (3 



CO 

~y T CO 

d. co 
Q co > 

Q CO DC 
> > Q 



oo 

I + I + Q I + 

00 oo 00 co 5 co oo 

X X — ' — I > x X 

hhO O DC DC DC 

CO CO CO CO Q CO CO 

nnnnnnn 



SRX2+ ! 
SRX2- 
DRVDD2 
SCL2 + 
SCL2- 
STX2+ 
STX2- 
DRVSS2 
RCVDD1 
RCVSS1 
SMARTSQE 
GTXh 
GTX- 
DRVDD3 
STX3+ 
STX3- | 
SCL3+ 
SCL3- 
DRVSS3 
SRX3h 
SRX3- 



11 10 9 87654321 84 83 82 81 80 79 78 77 76 75 



[ 12 
C 13 
[ 14 
C 15 
[ 16 
C 17- 
C 18 
[ 19 
[ 20 
C 21 
[ 22 
[ 23 
[ 24 
[ 25 
[ 26 
C 27 
[ 28 
[ 29 
[ 30 

[ 3 1 
[ 32 



33 34 35 36 37 38 39 40 4 1 42 43 44 45 46 
Jl I I II I I II I 



1 X + 
^ Q 

DC > O 
CO DC CO 
Q 



I + 
CO CO 



5 DC 
DC CD 

o 



X X ^CO Q 



47 48 49 50 51 52 53 
L_JI— ILJLJLJULJ 



] SRX7- 
]SRX7+ 
] DRVSS7 
] SCL7- 
]SCL7+ 
] STX7- 
]STX7+ 
] DRVDD7 
] LOCAL 
] RCVSS2 
]GCL- 
]GCL+ 
] RCVDD2 
]DRVSS6 
] STX6- 
]STX6+ 
] SCL6- 
]SCL6+ 
] DRVDD6 
] SRX6- 
]SRX6+ 



Q °1 LLJ 
DC q CO lZ 

O > > H 



+ I + 

LO LO LO 



I «JO + I 

P P o o > & be 
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description 



The SN75LBC088 attachment unit interface (AUI) concentrator chip (ACC) incorporates eight data terminal 
equipment (DTE) or station ports and one medium attachment unit (MAU) or global port on the same chip for 
connection to a local area network (LAN). Each station port emulates the driver/receiver functionality, timing, 
and signal response of a transceiver or MAU designed to meet the IEEE 802.3-1 990 standard. The functional 
components of the ACC are a differential driver, collision detection driver, and a differential line receiver/squelch. 



9f publication date. Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments ill 

standard warranty. Production processing does not necessarily Include ^t'# TV^r a 

testing of all parameters. 1EXAS 
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description (continued) 

This device also has two operational modes, local and global, and a self-exerciser test mode. The SN75LBC088 
uses the LinBiCMOS™ process technology to ensure high-speed operation, analog precision, and low power 
consumption. 

Each of the eight station ports includes two differential drivers (STX1 thru STX8 [STXx] and SCL1 thru SCL8 
[SCLx]) and one differential receiver [SRX1 thru SRX8 (SRXx)]. The SRXx (station receive) input pair is for 
receiving data sent from the station to the network. The STXx (station transmit) output pair is for transmitting 
network data to the station. The SCLx (station collision) output pair transmits the collision condition to the station. 

The global port supports one differential driver (GTX) and two differential receivers (GRX and GCL). The GTX 
output pair drives data from a station port to the network. The GRX input pair receives network data from the 
external transceiver and channels it to all eight station ports. The GCL input pair receives network collision status 
to be forwarded to the individual station ports. 

Each station port differential output pair of the SN75LBC088 drives a 78-Q, balanced, terminated, twisted-pair 
transmission line up to 50 meters. In the off or idle state, the drivers maintain minimal differential output voltage 
on the twisted-pair lines and remain within the required output common-mode range. When the driver is 
internally enabled, the driver goes through what is called a soft start or half-step driver start up due to the first 
transition out of idle swings only half the normal differential amplitude. The differential outputs then rise to full 
amplitude output levels within 35 ns. The output amplitude is maintained for the remainder of the packet. After 
the last transmitted packet positive edge, the driver's enable circuit maintains the differential potential above 
the output common-mode voltage for at least 21 0 ns, decay down to a minimum differential voltage, and then 
return to an idle state. Each driver powers up in the idle state to ensure no activity is placed on the twisted-pair 
cable that could be interpreted as network traffic. 

The line receiver squelch function interfaces to a differential twisted-pair line terminated external to the device. 
The receiver squelch circuit allows differential receive signals to pass through while the input amplitude and 
pulse duration are greater than the minimum squelch threshold. This ensures a good signal-to-noise ratio while 
the data path is active and prevents system noise from causing false data transitions during line shut-down and 
line-idle conditions. 

The SN75LBC088 functional control logic operates in two externally switched modes, local and global. 
Depending on the selected mode, the internal control logic selects the proper internal data path routing and 
collision handling. The internal data path is altered prior to enabling external line drivers to prevent data 
transmissions occurring during data path multiplexing. 

Local mode is the simplest of the two modes of operation. While all SRXx input receivers from the stations are 
inactive, the device is in an idle state. The idle state disables all the STXx and SCLx output drivers to the stations. 
While in local mode, all control signals to and from the global port are logically disabled by the control logic. When 
transmit activity is detected on any of the eight SRXx input receivers, the channel's internal squelch goes high. 
While this condition exists, the single SRXx receiver is routed to all STXx drivers. When the transmission is 
complete, the channel's internal squelch returns low. This starts an end-of-packet hold on all the STXx output 
drivers. The driver switches to the idle state after the hold time has elapsed. During the specified squelch (SQE) 
test interval, the SN75LBC088 internally generates a SQE test burst. When Smart SQE is enabled (SMARTSQE 
pulled low), the SQE test burst is sent to the SCLX output of the station that transmitted last. If Smart SQE is 
not enabled, it sends the burst to all the SCLx outputs.The device recognizes a collision when one station is 
active and any other station(s) becomes active. The device then places a 1 0-MHz collision signal on all the SCLx 
output drivers. All STXx data is considered undefined during a collision. The STXx drivers are shut down while 
the SCLx drivers are active and are not reactivated until all SRXx receiver activity is finished. The device returns 
to the idle state after all transmit traffic has ceased. 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 
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description (continued) 

In global mode, the local station users are logically connected to the LAN backbone media. Global mode has 
two types of signal flow patterns: station to other stations and the LAN, and the LAN to all stations. When a station 
starts to transmit, its squelch deactivates and is considered active. The control logic then selects the active 
channel's data for transmission to the LAN. Unlike the local mode, the other stations do not get the data directly 
from the active port. Data first reaches the transceiver, gets looped backhand then is sent to the eight STXx 
drivers. This action emulates the operation between a station and a transceiver in a normal point-to-point link. 

In global mode, local and global collisions are handled differently. For a local collision, the device cannot force 
a collision on the LAN backbone directly. To create a collision on the LAN, the device transmits a 5-MHz signal 
onto the GTX drivers to force activity on the LAN segment. Any LAN activity collides with this forced 5-MHz signal 
and is seen as a collision by the collision receiver. This action keeps the network synchronized. After the global 
port's data loops back from the LAN, the collision signal is sent to all the local nodes via the SCLx output drivers. 

A global collision (collision on the network) is handled normally since station transmit data is routed to the GTX 
driver. In this instance, data sources are directly in collision. Once a collision is detected on the network, the 
transceiver asserts a collision signal that is detected on the GCL input receiver. The GCL receiver collision signal 
is then routed to all the SCLx output drivers tied to the stations. 

In global mode, the transceiver generates SQE. When a station finishes a transmission, the transceiver 
generates the SQE. This is detected on the GCL input. When Smart SQE is enabled (SMARTSQE pulled low), 
the SQE is sent to the station that originated the transmission. Because of this activity, the ACC has to remember 
which station transmitted the last signal and only allow collision back to that station during the SQE window. 
Once the SQE passes, the ACC then allows a collision signal back to all stations to indicate a network collision. 
When Smart SQE is disabled, the SQE signal is routed to all station collision lines (SCLx). 

The SN75LBC088 supports a self-exerciser test mode. The self-exerciser mode tests all the drivers and 
receivers on the chip. This mode is invoked by pulling both GLOBAL and TEST low. While in the self-exerciser 
mode, a 6.4-jis packet is generated of consistent preamble on the GTX driver port with a 6.4-jis idle time. The 
GTX driver, with the help of loop back connectors, routes the preamble to both the GRX and the GCL receivers. 
The GRX data is then sent internally to all the STXx drivers. External connectors on the STXx drivers individually 
loop this data back to the local SRXx receiver. When the squelch for a receiver is turned off and the global GCL 
receiver is unsquelched, the collision driver for that receiver starts sending a collision signal. Each port drives 
a collision signal based on its own SRXx receiver squelch being held high and the presence of a global collision 
signal, therefore exercising all the drivers and receivers on the chip. 
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functional block diagram 

=J>E 



SRXx+ 
SRXx- 



8/ 



STXx 
STXx 

SCLx 
SCLx 



4^ 



High-Speed 
1-to-9 
Selector 
(MUX) 



4^> 



i 


k J 


k i 


k i 


k 













Data 
Path 
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1-to-9 
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(MUX) 



Driver 
Control 
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SQE 
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□ 



-<fc= 



GTX+ 
GTX- 

GRX+ 
GRX- 

GCL + 
GCL- 



Mode Select 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


CLK- 3 


0 


Clock output. Output for an external series-resonant 10-MHz crystal required for internal timing. 


CLK+ 2 


I 


Clock input. Input for an external series-resonant 1 0-MHz crystal required for internal timing. The CLK+ 
accepts an external TTL level clock also. 


DRVDDx 4, 14, 25, 35, 
46, 56, 67, 77 




Vqd power supply. These terminals provide power to the drivers. 


DRVSSx 9, 19, 30, 40, 
51,61,72, 82 




Vcc nowftr nround Thfl^A tArminate nroviria a nrounri return for thft rfrivftr oirouita 

V f*'*'""! y 1 ISUI Ivl. 1 1 IwOw Iwl 1 1 III ICIIO yjl WVIUo C& ^1 UUI 1\J 1 wltll 1 1 1 Ul 11 Iw VJI 1 Vol wll wllllO. 


GCL- 64 


I 


Global collision. Differential inputs that receive the network collision status for forwarding to the 
individual station ports. 


GCL+ 63 


I 


GLOBAL 1 


I/O 


Global. This is a bidirectional terminal. When functioning as an output, the chip is in a test mode and 
monitors internal nodes that are multiplexed to it. When functioning as an input, the terminal is pulled 
low (LOCAL held high) and the station ports are connected to the LAN. This terminal is held inactive 
(high) with an internal pullup resistor. 


GRX- 42 


I 


Global receive. Differential inputs that receive network data from an external transceiver and route it 
to all eight station ports. 


GRX+ 41 


I 


GTX- 24 


o 


Global transmit. Differential outputs that transmit data from one of eight station ports to the network. 


GTX+ 23 


0 


LOCAL 66 


I 


Local. When in local mode, this terminal is pulled low (GLOBAL held high) and the station ports are 
disconnected from the LAN. This terminal is held inactive (high) with an internal pullup resistor. 


RCVDD1 20 




Vqd power supply. These terminals provide power to the receivers. 


RCVDD2 62 




RCVSS1 21 




Voo nower nrounri Thp^p tprminalQ nrox/idp a nrounri return for rpopi\/p.rs 

V SS pV/nDI ^IVsUIIVJ. 1 1 roOC Id 1 1 III ICIIO |^l WVIVf^ CI ^1 Will l\J 1 wlUI 1 1 IUI levvlVelO* 


RCVSS2 65 




SCLx- 8,16,29,37 
50,58,71,79 


0 


Station port collision. Differential outputs that transmit the collision condition to the station. When during 
any station transmit activity one or more additional stations become active, the device recognizes this 
as a collision. The device then places a 1 0-MHz collision signal on all of the SCLx output drivers. 


SCLx+ 7, 15, 28, 36, 
49, 57, 70, 78 


0 


SRX- 11,13,32,34, 
53, 55, 74, 76 


1 


Station port receive. Differential input for receiving data from the station to the network. 


SRX+ 10,12,31,33, 
52, 54, 73, 75 


1 


OTV C 4Q 07 HQ 

48, 60, 69, 81 


u 


Station port transmit. Differential output for transmitting network data to the the station. 


STX+ 5,17,26,38, 
47, 59, 68, 80 


0 


SMARTSQE 22 


1 


This input enables the smart SQE circuitry. In normal operating mode, this enables the SMARTSQE 
test function performed at the end of a data packet transmission. In the test mode, SMARTSQE works 
with TEST to place the chip into a special mode. This terminal is held inactive (high) with an internal 
pullup resistor. 


TEST 45 


1 


Test. To invoke the self-exerciser test mode, this terminal and GLOBAL are enabled. 


VDD(L) 43, 84 




Vqd logic power supply. These terminals provide power to the CMOS logic. 


V SS(L) 44, 83 




Vss lo 9' c ground. These terminals provide power to a ground return for the CMOS logic. 
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MODE CONFIGURATION 



GLOBAL 


LOCAL 


SMARTSQE 


TEST 


CHIP CONFIGURATION 


H 


L 


H 


H 


Local mode, no SQE 


H 


L 


L 


H 


Local mode with SQE 


L 


H 


H 


H 


Global mode, no SQE 


L 


H 


L 


H 


Global mode with SQE 


L 


H 


H 


L 


Self exerciser 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqd ■ 7 V 

Input voltage, V| 16V 

Output voltage at any output, Vq 16V 

Supply current, Ice • • • • • • 500 mA 

Operating free-air temperature range, • 0°C to 70°C 

Storage temperature range, T stg 0°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


FN 


3.0 W 


0.024 W/°C 


1.92 W 



recommended operating conditions 





MIN 


NOM MAX 


UNIT 


Supply voltage, Vqd 


DRVDDx, RCVDD1, RCVDD2, VqD(L) 


4.75 


5 5.25 


V 


Common-mode input voltage, Vic 


1 


4.2 


V 


High-level input voltage, Vm 


GLOBAL, LOCAL, SMARTSQE, TEST 


2.4 


v 


Low-level input voltage, Vj|_ 


GLOBAL, LOCAL, SMARTSQE, TEST 


0.8 


V 


Differential input voltage, V|p 


GRX±, GCL±, SRXx± 


±318 


±1315 


mV 


Operating free-air temperature, Ta 


0 


70 


°c 



2-150 



^jp Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75LBC088 
AUI CONCENTRATOR 

SLLS150A- DECEMBER 1992- REVISED MAY 1993 



electrical characteristics over recommended operating free-air temperature and supply voltage 
range (unless otherwise noted) 

drivers 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Vcm Common-mode voltage 


See Figure 1 


1.0 4.2 


V 


Vqd Differential-output voltage 


See Figure 2 


±600 ±1315 


mV 


Idle differential voltage 


See Figure 2 


±40 


mV 


Idle differential load current 




4 


mA 



receivers 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Differential-input threshold to disable squelch 


t > 30 nst 


V|D> 
-275 


mV 


Differential-input threshold to not disable squelch 


t < 20 nst 


V| D < 
-255 


mV 


V|d Differential-input voltage 




±380 ±1315 


mV 


Vic Common-mode voltage 




1 4.2 


V 


l|C Common-mode current 




±1 


mA 


Hysteresis (threshold) 




±40 


mV 



1 1 is the duration time that the input signal swings from its common-mode state. 



drivers and receivers 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


•CC Supply current 


DRVDDx, RCVDD1, RCVDD2, V D D(L) 


Steady state 


150 


mA 


Active 


450 
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switching characteristics 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


MIN TYP MAX 


UNIT 


. Propagation delay time, internal first 
P* 11 stage squelch (see Note 1 ) 


SRXX 


Internal 1st 
stage squelch 


See Figure 6 


30 65 


ns 


GRX 


Propagation delay time, internal 
P 0 * 2 squelch valid (see Note 2) 


SRXx orGRXx 


Internal channel 
squelch 


See Figure 6 


130 150 


ns 


*pd3 Propagation delay time, driver startup 


SRXx 


GTX, STXx 


See Figure 6 


150 270 


ns 


GRX 


STXx 


tpd4 Propagation delay time, steady state 


SRXx 


GTX, STXx 


See Figure 6 


35 


ns 


GRX 


STXx 


*pd5 Propagation delay time, steady state 


SRXx 


GTX, STXx 


See Figure 6 


35 


ns 


GRX 


STXx 


t s k Skew time, signal edge (see Note 3) 


SRXx 


GTX, STXx 


See Figure 6 


2 


ns 


GRX 


STXx 


Propagation delay time, last received 
P 0 * 5 edge to internal squelch 


SRXx or GRX 


Internal channel 
squelch 


See Figure 7 


144 200 


ns 


tpd7 Propagation delay time, steady state 


SRXx 


GTX, STXx 


See Figure 7 


OO 


ns 


GRX 


STXx 


Propagation delay time, last positive 
P 0 " 8 edge out to 70% point 


GTX, STXx 


GTX, STXx 


See Figure 7 


210 320 


ns 


Propagation delay time, driver idle from 
P 0 " 9 last positive edge out (see Note 4) 


GTX, STXx 


GTX, STXx 


See Figure 7 


0.21 8 


\iS 


Propagation delay time, collision 
! pd 1 0 detected to SCLx drivers active 


SRXx 


Collision signal 
active 


See Figure 8 


320 


ns 


Propagation delay time, collision 
Pdi 1 detected to STXx drivers inactive 


SRXx 


STXx drivers 
inactive 


See Figure 8 


350 700 


ns 


Propagation delay time, last SRXx 
*pd1 2 9°' n 9 inactive to collision signal going 
inactive 


Last receiver 
inactive 


Collision drivers 
inactive 


See Figure 8 


290 


ns 


Propagation delay time, SCLx drivers 
P 0 * 1 3 active overlap to STXx drivers active 


Collision 
drivers active 


STXx drivers 
active 


See Figure 8 


200 


ns 



NOTES: 1 . The measurement is referenced to the differential input crossing the -275-mV threshold. 

2. The first transmitted bit cell after the squelch deactivates is allowed to have bit cell timing errors. Bit cells beyond this must not 
be distorted. 

3. Skew = tpd4 - t p d5 x tp^ must be within ±2 ns of t pc j5 when measured at the 0% amplitude point. 

4. Driver-idle condition exists when the output differential amplitude is less than 40 mV maximum. 
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PARAMETER MEASUREMENT INFORMATION 



39 ft 



r 

39 ft V C M 

L 



Figure 1. Driver Common-Mode Voltage Test Circuit 

75^Hor30|xH 



To Driver 



X1 



25 pF 



o ; 

PRI : 



O 

SEC 



39ft ^ 



VOD 



39 ft 



25 pF 



Figure 2. Differential Driver Load Circuit 

7.5 pF 

H( 



0.3 ft 



0.0625 \sh 



26 [iH 

or 
67*iH 



X1 



° 
PRI 



O 

SEC 



_ nnnn AA/ » 

0.0625 |iH 0.3 ft 



Ideal Transformer 



-AAA nnnn 

0.3 ft 0.0625 iiH 



7.5 pF 



-nnnn ^/yys — 

0.0625 0.3 ft 



Figure 3. AUI Transformer Model 
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PARAMETER MEASUREMENT INFORMATION 




Switch Settings 
Lead A Lead B 



Figure 4. Driver Fault Test Circuit 




Switch Settings 
Lead A Lead B 



Figure 5. Receiver Fault Test Circuit 
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SRXx orGRX 



Internal 
First Stage 
Squelch 

Internal 
Channel 
Squelch 



STXxor GTX 



SRXx or GRX 



Internal 
Squelch 
Input Line 
(active low) 

STXxor GTX 



A: 



PARAMETER MEASUREMENT INFORMATION 



275 mV 



k-tp d i 



7 



90% 



-tpd2- 



tpd4~>| 



o% 



tpd3 



•0% 



Figure 6. Differential Start-Up Sequence 

■/ 



o% 



■4s7p% 



tpd6 ■ 



f *r— t pd7 \i tpd7 



io^L 



|*-*|-tpd5 

0% 



"\o% 



tpd8 



70% Amplitude 



T 



-100-mV Maximum 
Undershoot 



f t pd9 

Figure 7. Differential Shut-Down Sequence 
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Multiple 
Transmitters 
Detected 
(true high) 



LastSRXx 
Squelch Active 
(true high) 

SCLx Drivers 
Active 
(true high) a 



STXx Drivers 
Active 
(true high) 



PARAMETER MEASUREMENT INFORMATION 



90% 



~M l pd10 



90% 



K" tpd13 -*\ 



90% 
10% 



)%ic- 



tpd11 



\ 



^!0%St. 



10% 

I 

tpd12 ►! 



Figure 8. Local Mode Differential STXx Driver Shut-Down Sequence During Collision 



Texas 
Instruments 

2-1 56 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



Reset 



DisableAIISTXx 
Drivers 




Local Collision 



Select 5MHzCLK 
to Drive GTX Data 




GRXData 
Active 



Enable SCLx Drivers 



Disable All SCLx 
Drivers 




Broadcast 
Collision 




Disable GTX 
Driver 




' 


Disabl 
Drii 


eSCLx 
/ers 



Enable SCLx Drivers 



Disable All SCLx 
Drivers 



Reset 




Select GRX Data 
to Drive STXx Data 






Enable 
Dri 


All STXx 
vers 



Disable All STXx 
Drivers 




Disable SCLx on 
Nonactive Ports 
4.1 us Min, 4.8 ,us Max 



The three flows in this figure 
occur in parallel. The disable 
of STXx drivers is an OR function 
of the three independent flows. 



Figure 9. Global Mode Control Flow 
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Driv 


Ml STXx 
ers 
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Wait 
600 ns Min, 
1000 ns Max 




Enable All SCLx 
Drivers for 600 ns 
Min, 1000 ns Max 



Enable Active SCLx 
Driver for 600 ns 
Min, 1000 ns Max 




Disable STXx and 
SCLx Drivers 




Enable 
Driv 
Wait 200 


SCLx 
ers 

ns Min 


i 


r 


Disable All STXx 
Drivers 



Broadcast 
Collision 



o 
rn 
2 



3J 

m 
< 

m 
o 

I 



— ->l 
og 

J3 

o 

30 



End of Bracket 

Figure 10. ACC Local Mode Control Flow 
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High Speed 

Standard Supply Voltage 
Dual Channels 

High Common-Mode Rejection Ratio 

High Input Impedance 

High Input Sensitivity 

Differential Common-Mode Input Voltage 
Range of ±3 V 

Strobe Inputs for Receiver Selection 

Gate Inputs for Logic Versatility 

TTL Drive Capability 

High dc Noise Margin 

'107 A and '107B Have Totem-Pole Outputs 

'108 A and '108B Have Open-Collector 

Outputs 

B Versions Have Diode-Protected Input for 
Power-Off Condition 



description 



SN55107A, SN55107B, SN55108A, 
SN551 08B . . . J OR W PACKAGE 
SN75107A, SN75107B, SN75108A, 
SN75108B ... D, J, OR N PACKAGE 

(TOP VIEW) 




SN55107A, SN55107B, SN55108A, 
SN55108B...FK PACKAGE 

(TOP VIEW) 

+ I 

o o 
m < opp 



NC ] 4 
NC ] 6 
1Y ] 6 
NC ]7 
1G ]8 



£ ^ z> > 
LJL-JLJI— ILJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



2A 
NC 



18[ 
17[ 

16[ 2B 
15[ NC 



14[ NC 



These circuits are TTL-compatible, high-speed 
line receivers. Each is a monolithic dual circuit 
featuring two independent channels. They are 
designed for general use as well as such specific 
applications as data comparators and balanced, 
unbalanced, and party-line transmission systems. 
These devices are unilaterally interchangeable 
with and are replacements for the SN55107, 
SN55108, SN75107, and SN75108, but offer 
diode-clamped strobe inputs to simplify circuit 
design. 

The essential difference between the A and B versions can be seen in the schematics. Input-protection diodes 
are in series with the collectors of the differential-input transistors of the B versions. These diodes are useful 
in certain party-line systems that may have multiple Vcc+ power supplies and may be operated with some of 
the V<x + supplies turned off. In such a system, if a supply is turned off and allowed to go to ground, the equivalent 
input circuit connected to that supply would be as follows: 



co o o o >- 

Z Z CN CM 

o 

NC - No interna! connection 



THE SN75108B IS NOT 
RECOMMENDED FOR NEW DESIGN 



Input 



Input 



A Version 



B Version 



This would be a problem in specific systems that might possibly have the transmission lines biased to some 
potential greater than 1 .4 V. 

The SN55107A, SN55107B, SN55108A, and SN55108B are characterized for operation over the full military 
temperature range of -55°C to 125°C. The SN75107A, SN75107B, SN75108A, and SN75108B are 
characterized for operation from 0°C to 70°C. 



PRODUCTION DATA information to current as of publication date. — Copyright © 1995, Texas Instruments incorporated 

Products conform to specifications per the terms of Texas Instruments •« 
standard warranty. Production processing does not necessarily Include TrvAr 

testing of all parameters. \l I fcXAa 
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logic symbolst 



SN55107 
SN75107 



I EN 



1A 
1B 
1G 
2A 
2B 
2G 



1 


1 > 1 & 

] if 


N 4 


2 IS 


N 9 


5 




12 




11 IS 


8 







1Y 



2Y 



1A 
1B 
1G 
2A 
2B 
2G 



SN55108 
SN75108 



EN 



a 



1 


n > I & 

l y - 




2 rs 


s 9 


5 




12 




11 IN 


8 







t These symbols are in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 
Pin numbers shown are for the D, J, N, and W packages. 



1Y 



2Y 



logic diagram (positive logic) 



s 

1A 
1B 
1G 

2G 
2A 
2B 





1Y 



2Y 



FUNCTION TABLE 



DIFFERENTIAL INPUTS 


STROBES 


OUTPUT 


A-B 


G 


S 


Y 


V|D > 25 mV 


X 


X 


H 




X 


L 


H 


-25mV<VjD<25mV 


L 


X 


H 




H 


H 


Indeterminate 




X 


L 


H 


V|D<-25 mV 


L 


X 


H , 




H 


H 


L 



H = high level, L = low level, X - irrelevant 
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schematic (each receiver) 




To Other Receiver 



Pin numbers shown are for D, J, N, and W packages. 

t R « 1 k£2 for '1 07A and '1 07B, 750 Q for '1 08A and '1 08B. 

NOTES: 1 . Resistor values shown are nominal. 

2. Components shown with dashed lines in the output circuitry are applicable to the '1 07A and '1 07B only. Diodes in series with the 
collectors of the differential input transistors are short circuited on '1 07A and '1 08A. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage, Vcc+ (see Note 3) 7 V 

Supply voltage, Vcc- -7 V 

Differential input voltage, V|q (see Note 4) ±6 V 

Common-mode input voltage, V|c (see Note 5) ±5 V 

Strobe input voltage 5.5 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN55' -55°C to 125°C 

SN75' 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Case temperature for 60 seconds, T c : FK package 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J package 300°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds: D, N, or W package 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 3. All voltage values, except differential voltages, are with respect to network ground terminal. 

4. Differential voltage values are at the noninverting (A) terminal with respect to the inverting (B) terminal. 

5. Common-mode input voltage is the average of the voltages at the A and B inputs. 
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DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


T A = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J (SN5510_A,B) 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J(SN7510_A,B) 


1025mW 


8.2 mW/°C 


656 mW 




N 


1150 mW 


9.2mW/°C 


736 mW 




W 


1000mW 


8.0mW/°C 


640 mW 


200 mW 



recommended operating conditions (see Note 6) 





SN55107A,SN55107B 
SN55108A, SN55108B 


SN75107A, SN75107B 
SN75108A, SN75108B 


UNIT 




MIN 


NOM 


MAX 


MIN 


NOM MAX 




Supply voltage, Vcc+ 


4.5 


5 


5.5 


4.75 


5 5.25 


V 


Supply voltage, Vqc- 


-4.5 


-5 


-5.5 


-4.75 


-5 -5.25 


V 


High-level input voltage between differential inputs, V| DH ( see Note 7) 


0.025 5 


0.025 


5 


V 


Low-level input voltage between differential inputs, V|ql (see Note 7) 


-5t 




-0.025 


-5t 


-0.025 


V 


Common-mode input voltage, Vic (see Notes 7 and 8) 


-3t 




3 


-3t 


3 


V 


Input voltage, any differential input to GND (see Note 8) 


-5t 




3 


-5t 


3 


V 


High-level input voltage at strobe inputs, V|H(S) 


2 




5.5 


2 


5.5 


V 


Low-level input voltage at strobe inputs, V||_(S) 


0 




0.8 


0 


0.8 


V 


Low-level output current, Iol 


-16 


-16 


mA 


Operating free-air temperature, T A 


-55 




125 


0 


70 


°C 



t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for input voltage 
levels only. 



NOTES: 6. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one of the 
differential inputs of the unused receiver should be terminated at some voltage between -3 V and 3 V. 

7. The recommended combinations of input voltages fall within the shaded area in Figure 1 . 

8. The common-mode voltage may be as low as -4 V provided that the more positive of the two inputs is not more negative than 
-3 V. 
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RECOMMENDED COMBINATIONS 
OF INPUT VOLTAGES 




Input B to QND Voltage - V 



Figure 1. Recommended Combinations of Input Voltages 
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electrical characteristics over recommended free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


*107A, '107B 


■108A,'108B 


UNIT 


MIN TYP* MAX 


MIN TYPt MAX 


Voh High-level output voltage 


V C C± = MIN, V| L (S) = 0.8V, 
V|dh = 25 mV, Iqih = -400 \iA, 
V|c = -3Vto3V 


2.4 




V 


Vql Low-level output voltage 


V CC ±= MIN, V|H(S)-2V f .' 
V IDL = — 25 mV, loL = 1 6mA, 
V|c = -3Vto3V 


0.4 


0.4 


V 


. High-level 
,H input current 


A 


VCC±=MAX 


V| D = 5V 


^n 

OU lO 


OU / 0 


pA 


B 


V| D = -5V 


ou #o 


OU fO 


. Low-level 
"- input current 


A 


V C C± = MAX 


V|D = -5V 


-10 


-10 


liA 


B 


V| D = 5 V 


-10 


-10 


. High-level input current 
IH into1Gor2G 


V C C± = MAX, V, H (G) = 2.4V 


40 


40 


MA 


Vcc± - MAX, V| H (G) = MAX V C C+ 


1 


1 


mA 


. Low-level input current 
IL intolGor2G 


VCC± = MAX, V| L (G) = 0.4V 


-1.6 


-1.6 


mA 


. High-level input 
,H current into S 


V C C±=MAX, V| H (S) = 2.4V 


80 


80 


MA 


Vcc± = MAX, V| H (S) = MAX V C C+ 


2 


2 


mA 


. Low-level input 
current into S 


V C C±=MAX, V|L(S)=0.4V 


— O.c. 


— O.C. 


mA 


. High-level 
0H output current 


V C C±=MIN, Voh = MAXV C C+ 




250 


HA 


. Short-circuit 
os output current§ 


Vcc±-MAX 


-18 -70 




mA 


. Supply current from 
'CCH+ Vcc+. outputs high 


Vcc± = MAX, Ta = 25°C 


18 30 


18 30 


mA 


. Supply current from 
'CCH- Vcc-. outputs high 


V C C± = MAX, Ta = 25°C 


-8.4 -15 


-8.4 -15 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are at V<x + = 5 V, Vqc- = -5 V, Ta = 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vqc± = ±5 V, Ta = 25°C, R|_ = 390 Q (see Figure 2) 



PARAMETER 


TEST 
CONDITIONS 


'107A, '107B 


'108A, 108B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


. Propagation delay time, low- to high-level output, 
PLH(D) from differentia | inputs A and B 


Cl = 50 pF 


17 25 




ns 


CL=15pF 




19 25 


. Propagation delay time, high- to low-level output, 
iPHL(D) from differential inputs A and B 


Cl = 50 pF 


17 25 




ns 


C|_=15pF 




19 25 


. Propagation delay time, low- to high-level output, 
PLH(S) from strobe jnput G or s 


CL = 50pF 


10 15 




ns 


CL=15pF 




13 20 


Propagation delay time, high- to low-level output, 
l PHL(S) f rom s t r0D e input G or S 


C L = 50pF 


8 15 




ns 


CL=15pF 




13 20 
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Differential 
Input 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



1A 



V CC - 



Output 
"lOTA.'IOTB 



50 Q 

> Vrgfi 

► 100 mV^ 



1B 



2A 



2B 



3> 



1Y 



3> 




A 



-r- 390 a 

(Us As (Ug v cc+ r^ 



Strobe 
Input 
(see Note B) 



50 pF 

(see Note C) 



-±r (see Note D) 



50 Q 

-AAAr- 



Pulse 
Generator 
(see Note A) 



TEST CIRCUIT 



C L : 



Output 
*108B 

15 pF 

(see Note C) 



Input A 



Strobe Input 
GorS 



Output Y 




tPLH(D) 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zo = 50 £1, t r = 10 ± 5 ns, tf = 10 ± 5 ns, tp^i = 500 ns, PRR < 1 MHz, 
tpd2 = 1 MS, PRR ^ 500 kHz. 

B. Strobe input pulse is applied to Strobe 1 G when inputs 1 A-1 B are being tested, to Strobe S when inputs 1 A-1 B or 2A-2B are being 
tested, and to Strobe 2G when inputs 2A-2B are being tested. 

C. Cl includes probe and jig capacitance. 

D. All diodes are 1N9 16. 

Figure 2. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 
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OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



71 

nver 

npul 



Inverting 
Inputs 



v C c± = ±sv 

RL = 400Q 
T A = 25°C 



'108A, '108B 



Mon 

Inpi 



Noninverting 
Inputs 



l'107A,'107B_ 



-40 -30 -20 -10 0 10 20 30 40 
V|p - Differential Input Voltage - mV 

Figure 3 



SUPPPLY CURRENT (OUTPUTS HIGH) 
vs 

FREE-AIR TEMPERATURE 
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Figure 5 
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HIGH-LEVEL INPUT CURRENT (1A OR 2A) 
vs 

FREE-AIR TEMPERATURE 
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t Values below 0°C and above 70°C apply to SN55' only. 
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TYPICAL CHARACTERISTICSt 
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t Values below 0°C and above 70°C apply to SN55' only. 
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APPLICATION INFORMATION 



basic balanced-line transmission system 

The '107A, '107B, '108A, and '108B dual line circuits are designed specifically for use in high-speed data 
transmission systems that utilize balanced terminated transmission lines such as twisted-pair lines. The system 
operates in the balanced mode, so noise induced on one line is also induced on the other. The noise appears 
common mode at the receiver input terminals where it is rejected. The ground connection between the line driver 
and receiver is not part of the signal circuit so that system performance is not affected by circulating ground 
currents. 

The unique driver-output circuit allows terminated transmission lines to be driven at normal line impedances. 
High-speed system operation is ensured since line reflections are virtually eliminated when terminated lines are 
used. Crosstalk is minimized by low signal amplitudes and low line impedances. 

The typical data delay in a system is approximately 30 + 1 .3 L ns, where L is the distance in feet separating the 
driver and receiver. This delay includes one gate delay in both the driver and receiver. 

Data is impressed on the balanced-line system by unbalancing the line voltages with the driver output current. 
The driven line is selected by appropriate driver-input logic levels. The voltage difference is approximately: 

V D , FF «1/2lo(on)*RT 

High series line resistance will cause degradation of the signal. The receivers, however, will detect signals as 
low as 25 mV (or less). For normal line resistances, data may be recovered from lines of several thousand feet 
in length. 

Line-termination resistors (Rj) are required only at the extreme ends of the line. For short lines, termination 
resistors at the receiver only may prove adequate. The signal amplitude will then be approximately: 



V DIFF ~ 'O(on) ( 
Rt 



Rt 



Rt 



Data Input 



Inhibit 



O— Dft 

D— 



-Vr 



Transmission Line Having 
Characteristic Impedance Zq 
Rt = Zq/2 



■vws 



LW>- 



Driver 

SN55109A, SN55110A, 
SN75109A,SN75t10A, 
SN75112 



Strobes 
Receiver 

'lOTA.'IOTB, '108A, 
'108B 



Figure 11. Typical Differential Data Line 



data-bus or party-line system 

The strobe feature of the receivers and the inhibit feature of the drivers allow these dual line circuits to be used 
in data-bus or party-line systems. In these applications, several drivers and receivers may share a common 
transmission line. An enabled driver transmits data to all enabled receivers on the line while other drivers and 
receivers are disabled. Data is thus time multiplexed on the transmission line. The device specifications allow 
widely varying thermal and electrical environments at the various driver and receiver locations. The data-bus 
system offers maximum performance at minimum cost. 
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APPLICATION INFORMATION 
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SN75112 
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Figure 12. Typical Differential Party Line 



unbalanced or single-line systems 

These dual-line circuits may also be used in unbalanced or single-line systems. Although these systems do not 
offer the same performance as balanced systems for long lines, they are adequate for very short lines where 
environmental noise is not severe. 

The receiver threshold level is established by applying a dc reference voltage to one receiver input terminal. 
The signal from the transmission line is applied to the remaining input. The reference voltage should be 
optimized so that signal swing is symmetrical about it for maximum noise margin. The reference voltage should 
be in the range of -3 V to 3 V. It can be provided by a voltage supply or by a voltage divider from an available 
supply voltage. 

A single-ended output from a driver may be used in single-line systems. Coaxial or shielded line is preferred 
for minimum noise and crosstalk problems. For large signal swings, the high output current (typically 27 mA) 
of the SN75112 is recommended. Drivers may be paralleled for higher current. When using only one channel 
of the line drivers, the other channel should be inhibited and/or have its outputs grounded. 

SN55109A.SN55110A, 
SN75109A.SN75110A, 
SN75112 



Input 



Inhibit 



3: 



Output 



Input 
Vref 



*107A, , 107B, 
'108A,'108B 



Output 



Strobes 



V 0 = -lo • R 



Figure 13. Single-Ended Operation 
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APPLICATION INFORMATION 



'108A, '108B dot-AND output connections 

The '108A, '108B line receivers feature an 
open-collector-output circuit that can be con- 
nected in the dot-AND logic configuration with 
other similar open-collector outputs. This allows a 
level of logic to be implemented without additional 
logic delay. 

Increasing common-mode input voltage range 
of receiver 



'108A, '108B 



"I08A, «108B 

— j ^ Output 



SN5401/SN7401 or 
Equivalent 



Dot-AND 
Connection 



Figure 14. Dot-AND Connection 



The common-mode voltage range (CMVR) is 
defined as the range of voltage applied 

simultaneously to both input terminals that if exceeded does not allow normal operation of the receiver. 

The recommended operating CMVR is ±3 V, making it useful in all but the noisiest environments. In extremely 
noisy environments, common-mode voltage can easily reach ± 1 0 V to ± 1 5 V if some precautions are not taken 
to reduce ground and power supply noise, as well as crosstalk problems. When the receiver must operate in 
such conditions, input attenuators should be used to decrease the system common-mode noise to a tolerable 
level at the receiver inputs. Differential noise is also reduced by the same ratio. These attenuators have been 
intentionally omitted from the receiver input terminals so the designer may select resistors that will be compatible 
with his particular application or environment. Furthermore, the use of attenuators adversely affects the input 
sensitivity, the propagation delay time, the power dissipation, and in some cases (depending on the selected 
resistor values) the input impedance, therefore, reducing the versatility of the receiver. 

The ability of the receiver to operate with approximately ±15 V common-mode voltage at the inputs has been 
checked using the circuit shown in Figure 15. The resistors R1 and R2 provide a voltage divider network. 
Dividers with three different values presenting a 5-to-1 attenuation were used so as to operate the differential 
inputs at approximately ±3 V common-mode voltage. Careful matching of the two attenuators is needed so as 
to balance the overdrive at the input stage. The resistors used are shown in Table 1 . 

Table 2 shows some of the typical switching results obtained under such conditions. 



Table 1 



Attenuator 1 : 


R1 


= 2 kU 


R2 


=^0.5 kQ 


Attenuator 2: 


R1 


= 6 kU 


R2 


-1.5kQ 


Attenuator 3: 


R1 


= 12kQ, 


R2 


= 3kQ 



Table 2. Typical Propagation Delays for Receiver 
With Attenuator Test Circuit Shown in Figure 14 



DEVICE 


PARAMETERS 


INPUT 
ATTENUATOR 


TYPICAL 
(ns) 






1 


20 




tPLH 


2 


32 


'107A/107B 




3 


42 




1 


22 




tPHL 


2 


31 






3 


33 






1 


36 




tPLH 


2 


47 


'108A,'108B 




3 


57 




1 


29 




tPHL 


2 


38 






3 


41 
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APPLICATION INFORMATION 



14 V 
-16 V 




Figure 15. Common-Mode Circuit for Testing Input Attenuators With Results Shown In Table 2 

Two methods of terminating a transmission line to reduce reflections are: 




R3 = R1 + R2 = Z 0 /2 R1 + R2> Z 0 

R3 = Zq/2 



Figure 16. Termination Techniques 

The first method uses the resistors as the attenuation network and line termination. The second method uses two 
additional resistors for the line terminations. 
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APPLICATION INFORMATION 

For party-line operation, method 2 should be used as follows: 

Attenuation Network 




R3 = 



Figure 17. Party-Line Termination Technique 

To minimize the loading, the values of R1 and R2 should be fairly large. Examples of possible values are shown 
in Table 1. 



furnace control using the SN75 108 A 

The furnace control circuit in Figure 1 8 is an example of the possible use of the SN551 07 A Series in areas other 
than what would normally be considered electronic systems. Basically, a description of the operation of this 
control follows. When the room temperature is below the desired level, the resistance of the room temperature 
sensor is high and channel 1 noninverting input is below (less positive than) the reference level set on the input 
differential amplifier. This situation causes a low output, operating the heat on relay and turning on the heat. The 
channel 2 noninverting input is below the reference level when the bonnet temperature of the furnace reaches 
the desired level. This causes a low output thus operating the blower relay. Normally the furnace is shut down 
when the room temperature reaches the desired level and the channel 1 output goes high, turning the heat off. 
The blower remains on as long as the bonnet temperature is high, even after the heat on relay is off. There is 
also a safety switch in the bonnet that shuts the furnace down if the temperature there exceeds desired 
limitations. The types of temperature-sensing devices and bias-resistor values used are determined by the 
particular operating conditions encountered. 
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2B 
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To Heat on 
Relay Return 
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Figure 18. Furnace Control Using SN75108A 
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APPLICATION INFORMATION 

repeaters for long lines 

In some cases, the driven line may be so long that the noise level on the line reaches the common-mode limits 
or the attenuation becomes too large and results in poor reception. In such a case, a simple application of a 
receiver and a driver as repeaters [shown in Figure 1 9(a)] restores the signal level and allows an adequate signal 
level at the receiving end. If multichannel operation is desired, then proper gating for each channel must be sent 
through the repeater station using another repeater set as in Figure 1 9(b). 



Repeaters 
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# Driver 
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P P 

(b) MULTICHANNEL LINE WIDTH WITH STROBE 

Figure 19. Receiver-Driver Repeaters 



receiver as dual differential comparator 

There are many applications for differential comparators, such as voltage comparison, threshold detection, 
controlled Schmitt triggering, and pulse-width control. 

As a differential comparator, a '1 07A or ' 1 08A may be connected to compare the noninverting input terminal with 
the inverting input as shown in Figure 20. Thus the output will be high or low resulting from the A input being 
greater or less than the reference. The strobe inputs allow additional control over the circuit so that either output 
or both may be inhibited. 



Strobe 1 



Reference 1 — WV 



Strobe 1,2 



Reference 2 — VW 




Output 1 



Output 2 



Strobe 2 

Figure 20. SN55107A Series Receiver as a Dual Differential Comparator 
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APPLICATION INFORMATION 



window detector 



The window detector circuit in Figure 21 has a large number of applications in test equipment and in determining 
upper limits, lower limits, or both at the same time - such as detecting whether a voltage or signal has exceeded 
its limits or window. Illumination of the upper-limit (lower-limit) indicator shows that the input voltage is above 
(below) the selected upper (lower) limit. A mode selector is provided for selecting the desired test. For window 
detecting, the upper and lower limits test position is used. 
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Figure 21. Window Detector Using SN75108A 
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APPLICATION INFORMATION 

temperature controller with zero-voltage switching 

The circuit in Figure 22 switches an electric-resistive heater on or off by providing negative-going pulses to the 
gate of a triac during the time interval when the line voltage is passing through zero. The pulse generator is the 
2N5447 and four diodes. This portion of the circuit provides negative-going pulses during the short time 
(approximately 100 us) when the line voltage is near zero. These pulses are fed to the inverting input of one 
channel of the '1 08A. If the room temperature is below the desired level, the resistance of the thermistor is high 
and the noninverting input of channel 2 is above the reference level determined by the thermostat setting. This 
provides a high-level output from channel 2. This output is ANDed with the positive-going pulses from the output 
of channel 1 , which are reinverted in the 2N5449. 




Figure 22. Zero-Voltage Switching Temperature Controller 
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Improved Stability Over Supply Voltage and 
Temperature Ranges 
Constant-Current Outputs 
High Speed 

Standard Supply Voltages 

High Output Impedance 

High Common-Mode Output Voltage Range 
-3 V to 10 V 

TTL-lnput Compatibility 
Inhibitor Available for Driver Selection 
Glitch-Free During Power Up/Power Down 
SN75112 and External Circuit Meets or 
Exceeds the Requirements of CCITT 
Recommendation V.35 



SN55109A, SN55110A ... J OR W PACKAGE 
SN75109A, SN75110A, SN75112 . . . D OR N PACKAGE 

(TOP VIEW) 



1A[ 


1 


u 

14 


]v CC+ 


1B[ 


2 


13 


]1Y 


1C[ 


3 


12 


]1Z 


2C[ 


4 


11 


]v cc - 


2A[ 


5 


10 


]D 


2B[ 


6 


9 


]2Z 


GND[ 


7 


8 


]2Y 



description 



SN55109A, SN55110A . . . FK PACKAGE 
(TOP VIEW) 

+ 

m < o o >. 

L-ILJLJLJLJ 



The SN55109A, SN55110A, SN75109A, 
SN75110A, and SN75112 dual line drivers have 
improved output current regulation with supply 
voltage and temperature variations. In addition, 
the higher current of the SN751 1 2 (27 mA) allows 
data to be transmitted over longer lines. These 
drivers offer optimum performance when used 
with the SN55107A, SN55108A, SN75107A, and 
SN75108A line receivers. 



1C ] 4 
NC ] 5 

2C ]6 
NC ]7 
2A ]8 



3 2 1 20 19 



9 10 11 12 13 

nhnnn 



18[ 1Z 
17[ NC 
16[ V CC - 
15[ NC 
14[ D 



CD D O >■ N 
CM Z Z CM CM 

O 

NC - No internal connection 



THE SN75109A IS NOT 
RECOMMENDED FOR NEW DESIGNS 



These drivers feature independent channels with 
common voltage supply and ground terminals. 
The significant difference between the three 

drivers is in the output current specification. The driver circuits feature a constant output current that is switched 
to either of two output terminals by the appropriate logic levels at the input terminals. The output current can 
be switched off (inhibited) by low logic levels on the enable inputs. The output current is nominally 6 mA for the 
'1 09A, 1 2 mA for the '11 OA, and 27 mA for the SN751 1 2. 

The enable/inhibit feature is provided so the circuits can be used in party-line or data-bus applications. A strobe 
or inhibitor (enable D), common to both drivers, is included for increased driver-logic versatility. The output 
current in the inhibited mode, lo(off)» ' s specified so that minimum line loading is induced when the driver is used 
in a party-line system with other drivers. The output impedance of the driver in the inhibited mode is very high. 
The output impedance of a transistor is biased to cutoff. 



AVAILABLE OPTIONS 





PACKAGED DEVICES 


CERAMIC 
FLATPACK 
(W) 


SMALL OUTLINE 
(D) 


CHIP CARRIER 
(FK) 


CERAMIC DIP 
(J) 


PLASTIC DIP 
(N) 


0°C to 70°C 


SN75109AD 
SN75110AD 
SN75112D 






SN75109AN 
SN75110AN 
SN75112N 




-55°Cto125°C 




SN55109AFK 
SN55110AFK 


SN55109AJ 
SN55110AJ 


SN55109AJ 
SN55110AJ 


SN55109AW 
SN55110AW 



The D package is available taped and reeled. Add the suffix R to the device type, (e.g., SN75110ADR). 
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description (continued) 

The driver outputs have a common-mode voltage range of -3 V to 1 0 V, allowing common-mode voltage on 
the line without affecting driver performance. 

All inputs are diode clamped and are designed to satisfy TTL-system requirements. The inputs are tested at 
2 V for high-logic-level input conditions and 0.8 V for low-logic-level input conditions. These tests ensure 
400-mV noise margin when interfaced with TTL Series 54/74. 

The SN551 09A and SN551 1 0A are characterized for operation over the full military temperature range of - 55°C 
to 125°C. The SN75109A, SN75110A, and SN75112 are characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(each driver) 



LOGIC 
INPUTS 


ENABLE 
INPUTS 


OUTPUTSt 


A B 


C 


D 


Y 


Z 


X X 


L 


X 


Off 


Off 


X X 


X 


L 


Off 


Off 


L X 


H 


H 


On 


Off 


X L 


H 


H 


On 


Off 


H H 


H 


H 


Off 


On 



H = high level, L = low level, X = irrelevant 

t When using only one channel of the line drivers, the other 

channel should be inhibited and/or have its outputs 

grounded. 



2-178 



^?Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN55109A, SN55110A 
SN75109A, SN75110A, SN75112 
DUAL LINE DRIVERS 

SLLS1 06B - DECEMBER 1 975 - REVISED MAY 1 995 



schematic (each driver) 
vcc 14 



2.2 kQ 
NOM 



0* 




-Wr 




To Other Driver 

Pin numbers shown are for D, J, N, and W packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN 55 109 A 
SN55110A 


SN75109A 
SN75110A 


SN75112 


UNIT 


Supply voltage, Vcc+ (see Note 1) 


7 


7 


7 


V 


Supply voltage, Vrjc- 


-7 


-7 


-7 


V 


Input voltage, V| 


5.5 


5.5 


5.5 


V 


Output voltage range, Vo 


-5 to 12 


-5 to 12 


-5 to 12 


V 


Continuous total power dissipation (see Note 2) 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0 to 70 


Oto 70 


°c 


Storage temperature range, T s tg 


-65 to 150 


-65 to 150 


-65 to 150 


°c 


Case temperature for 60 seconds: FK package 


260 






°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds 


J or W package 


300 






°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 


D or N package 




260 


260 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



NOTES: 1. Voltage values are with respect to network ground terminal. 

2. In the FK, J, or W package, SN551 09A and SN551 1 0A chips are either silver glass or alloy mounted, and SN751 09A, SN751 1 0A, 
and SN751 12 chips are glass mounted. 



DISSIPATION RATING TABLE 



PACKAGE 


t A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000 mW 


8.0mW/°C 


640 mW 


200 mW 



recommended operating conditions (see Note 3) 





SN55109A 
SN55110A 


SN75109A 
SN75110A 
SN75112 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc+ 


4.5 5 5.5 


4.75 5 5.25 


V 


Supply voltage, Vrjc- 


-4.5 -5 -5.5 


-4.75 -5 -5:25 


v 


Positive common-mode output voltage 


0 10 


0 10 


V 


Negative common-mode output voltage 


0 -3 


0 -3 


V 


High-level input voltage, Vm 


2 


2 


V 


Low-level output current, V 1 1_ 


0.8 


0.8 


V 


Operating free-air temperature, T A 


-55 125 


0 70 





NOTE 3: When using only one channel of the line drivers, the other channel should be inhibited and/or have its outputs grounded. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55109A 
SN75109A 


SN55110A 
SN75110A 


SN75112 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


MIN TYP* MAX 


V|k Input clamp voltage 


V<x± = MIN, l L = -12mA 


-0.9 -1.5 


-0.9 -1.5 


-0.9 -1.5 


V 


•O(on) On-state output current 


Vco± = MAX, Vo = 10 V 


6 7 


12 15 


27 36 


mA 


Vcc = MIN to MAX, 
Vq = -1 Vto1 V, 
Ta = 25°C 






24 28 32 


Vcc± = MIN, Vo = -3V 


3.5 6 


6.5 12 


18 27 


lO(off) Off-state output current 


Vcc± = MIN, Vq = 10V 


100 


100 


100 


jiA 


. Input current at maximum 
1 input voltage 


A, B, or C inputs 


Vcc± = MAX, VI-5.5V 


1 


1 


1 


mA 


D input 


2 


2 


2 


l|H High-level input current 


A, B, or C inputs 


Vqc± = MAX, V| = 2.4V 


40 


40 


40 


MA 


D input 


80 


80 


80 


1 1 1_ Low-level input current 


A, B, or C inputs 


Vcc+ = MAX, V| = 0.4V 


-3 


-3 


-3 


mA 


D input 


-6 


-6 


-6 


ICC + (on) Supply current from Vqg + with driver enabled 


V C C± = MAX, 

A and B inputs at 0.4 V, 

C and D inputs at 2 V 


18 30 


23 35 


25 40 


mA 


ICC -(on) Supply current from Vqc- with driver enabled 


-18 -30 


-34 -50 


-65 -100 


•CC + (off) Supply current from Vqq- with driver inhibited 


V C c± = MAX, 

A, B, C, and D inputs at 0.4 V 


18 


21 


30 


mA 


•CC - (off) Supply current from Vcc ± with driver inhibited 


-10 


-17 


-32 



t For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc + = 5 V, Vcc- = -5 V, Ta = 25°C. 
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switching characteristics, Vcc± = ±5 V, Ta = 25°C 



PARAMETERt 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


A orB 


YorZ 


C[_ - 40 pF, Rl - 50 Q, See Figure 1 


9 15 


ns 


*PHL 


9 15 


ns 


tPLH 


CorD 


YorZ 


16 25 


ns 


tPHL 


13 25 


ns 



t tpm - Propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 



Input A or B 



PARAMETER MEASUREMENT INFORMATION 

vcc+ v C c- 



50 Q « 



Pulse 
Generator 



See Note A 



Pulse 
Generator 



Input CorD - 



Input A or B 
Enable C or D 



o On 



to W 



to- 



; 50 Q 



To Other Driver 



890 £2 : 



890 Q R|_ = 50 Q 

f Output Y 

CL = 40pF 
(see Note B) 



RL = 50Q « 



See Note C 
TEST CIRCUIT 



50% 



|4- t w1 -►) 



"N ^50% 



J ^ 



tPLH 



Output Y 



Jf 50% 



tPHL 



t W 2- 



" ^50% 



">j H- tPHL 



" ^50% 



• tPLH " 



Jf 50% 



Output Z 



"\ ^50% 



tPLH 



f Output Z 

TCL = 40pF 
(see Note B) 



J/50%" 



-M \*- tpHL 



50% 



3V 
• 0V 
•3V 

0V 

off 



off 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generators have the following characteristics: Zo = 50 Q, t r = tf = 10 ± 5 ns, t w -| « 500 ns, PRR < 1 MHz, t W 2 - 1 jis, 
PRR<500 kHz. 

B. C|_ includes probe and jig capacitance. 

C. For simplicity, only one channel and the enable connections are shown. 

Figure 1. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



< 

E 

i 



3 

o 



a- 

3 

o 



I 

o 



SN55109A, SN75109A 

ON-STATE OUTPUT CURRENT 
vs 

NEGATIVE SUPPLY VOLTAGE 



SN55110A, SN75110A 

ON-STATE OUTPUT CURRENT 
vs 

NEGATIVE SUPPLY VOLTAGE 



I 

- V CC+ = 4.5V 






vg = -o v 
T A = 25°C 





























































< 

E 

l 



3 



o 

o 
3 

I 

O 

l 

o, 
O 

2 



14 
12 
10 
8 
6 
4 



I 

VCC + = 4.5V 
Vn = -3V 






T A = 25*C 





























































-3 -4 -5 -6 

V CC- - Negative Supply Voltage - V 

Figure 2 



-3 -4 -5 -6 

Vcc- - Negative Supply Voltage - V 

Figure 3 



-7 



SN75112 

ON-STATE OUTPUT CURRENT 
vs 

NEGATIVE SUPPLY VOLTAGE 



< 

E 
i 

§ 



& 

3 



60 
c 
O 

I 

'c 
o 

O 



I 

V CC+ = 4.5V 

\t — ** \t 






Ta = 25°C 





























































-3 -4 -5 -6 

Vqc - - Negative Supply Voltage - V 

Figure 4 
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APPLICATION INFORMATION 

special pulse-control circuit 

Figure 5 shows a circuit that may be used as a pulse generator output or in many other testing applications. 



INPUT 


OUTPUTS 


A 


Y Z 


High 
Low 


Off On 
On Off 



Input 
2.5 V 



5V 



D — W 



vcc + 

Y 



1/2'109A w - 
«110A, V CC- h 
GND orSN75112 

i._ T . — — . 



To Other Logic and 
Strobe Inputs 



-5V 



\ 1 c* — b cm* l -t9^ 
\ Q6 

— -V 



\ 3 r 

\ cTT 

2 \ O- 



- J \AAn 



1 



\ 3 6 4 

\ o- 

— V - 



9 6 



Output 



Input Pulse 



Switch 
Position 



Output Pulse 




OV 



_tli_t 



T_r_n: 



OV 



Figure 5. Pulse-Control Circuit 
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APPLICATION INFORMATION 

using the SN75112 as a CCITT recommended V.35 line driver 

The SN75112 dual line driver, the SN75107A dual line receiver, and some external resistors can be used to 
implement the data interchange circuit of CCITT recommendation V.35 (1 976) modem specification. The circuit 
of one channel is shown in Figure 1 and meets the requirement of the interface as specified by Appendix 11 of 
CCITT V.35 and summarized in Table 1 (V.35 has been replaced by ITU V.11). 



Table 1. CCITT V.35 Electrical Requirements 





MIN 


MAX 


UNIT 


GENERATOR 








Source impedance, Z source 


50 


150 


Q 


Resistance to ground, R 


135 


165 


Q 


Differential output voltage, Vod 


440 


660 


mV 


1 0% to 90% rise time, t r 


40 




ns 


or 




0.01 x ui t 




Common-mode output voltage, Vqc 


-0.6 


0.6 


V 


LOAD (RECEIVER) 








Input impedance, Z\ 


90 


110 


Q 


Resistance to ground, R 


135 


165 





t ui = unit interval or minimum signal element pulse width 




5V 



All resistors are 5%, 1/4 W. 

Figure 6. CCITT Recommended V.35 Interface Using the SN75112 and SN75107A 
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Choice of Open-Collector, Open-Emitter, or 
3-State Outputs 

High-Impedance Output State for 
Party-Line Applications 
Single-Ended or Differential AND/NAND 
Outputs 

Single 5-V Supply 

Dual Channel Operation 

Compatible With TTL 

Short-Circuit Protection 

High-Current Outputs 

Common and Individual Output Controls 

Clamp Diodes at Inputs and Outputs 

Easily Adaptable to SN55114 and SN75114 

Applications 

Designed for Use With SN55115 and 
SN75115 



description 



SN55113 ... J OR W PACKAGE 
SN75113 . . . D OR N PACKAGE 
(TOP VIEW) 



1ZP[ 1 
1ZS[ 2 
1YS[ 3 
1YP[ 4 
1A[ 5 
1B[ 6 
1C[ 7 
GND[ 8 



16 ] V CC 
15]2ZP 
14 ] 2ZS 
13 ]2YS 
12 ] 2YP 
11 ]2A 
10]2C 
9 ]CC 



SN55113 . . . FK PACKAGE 
(TOP VIEW) 

CO CL CL 
N N O .O n 
-r- i- Z > CM 



1YS ]4 

]5 
]6 



1YP 
NC 



1A ]7 
1B ]8 



ULJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 2ZS 
17[ 2YS 
16[ NC 
15[ 2YP 
14[ 2A 



O Q 

o 



o o o 

O CM 



NC - No internal connection 



The SN55113 and SN75113 dual differential line 
drivers with 3-state outputs are designed to 
provide all the features of the SN55114 and 
SN75114 line drivers with the added feature of 
driver output controls. Individual controls are 
provided for each output pair, as well as a common 
control for both output pairs. If any output is low, 

the associated output is in a high-impedance state and the output can neither drive nor load the bus. This permits 
many devices to be connected together on the same transmission line for party-line applications. 

The output stages are similar to TTL totem-pole outputs, but with the sink outputs, YS and ZS, and the 
corresponding active pullup terminals, YP and ZP, available on adjacent package pins. 

The SN55113 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN751 1 3 is characterized for operation over the temperature range of 0°C to 70°C. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


OUTPUT 


CONTROL 


DATA 


AND 


NAND 


C 


CC 


A 


Bt 


Y 


Z 


L 


X 


X 


X 


Z 


z 


X 


L 


X 


X 


z 


z 


H 


H 


L 


X 


L 


H 


H 


H 


X 


L 


L 


H 


H 


H 


H 


H 


H 


L 



H = high level, L = low level, X = irrelevant, 
Z - high impedance (off) 

t B input and 4th line of function table are applicable only to 
driver number 1 . 



production data information is current as of publication date. — Copyright © 1 995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mSm 

standard warranty. Production processing does not necessarily Include 1V> VAC 

testing of all parameters. llZ!#.yW\i3 
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logic symbolt 



1C 

cc 

2C 
1A 
1B 

2A 



10 



EN1 
EN2 



logic diagram (positive logic) 

7 



5 


&> 1 

1 & 
1 S 
1 £ 


4 


3 


6 


N 1 


s 2 


11 


12 


> 2® 
2£ 
2V 
2£ 


13 


s 15 









1YP 
1YS 
1ZP 
1ZS 
2YP 
2YS 
2ZP 
2ZS 




^ 14 
D- 2ZS 



t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and 

IEC Publication 617-12. 
Pin numbers shown are for the D, J, N, and W packages. 



schematic 



Input 1B Input 1 A 



AND 4 
Pullup — 



Output 
. 1YS 




AND Pullup 2YP 
AND Output 2YS 
NAND Pullup 2ZP 
NAND Output 2ZS 



^7... V C c bus 



$ These components are common to both drivers. 
Resistor values shown are nominal and in ohms. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage, V| 5.5 V 

Off-state voltage applied to open-collector outputs . 12V 

Continuous total power dissipation (see Note 2) See Dissipation Rating Table 

Operating free-air temperature range, T^: SN551 13 -55°C to 1 25°C 

SN75113 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds: D or N package 260°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 60 seconds: J or W package 300°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. In the J, FK, and W packages, SN551 1 3 chips are alloy mounted; SN751 1 3 chips are glass mounted. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


T A = 125°C 
POWER RATING 


D 


950 mW 


7.6mW/°C 


608 mW 


N/A 


FK 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375 mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


N/A 


W 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



recommended operating conditions 





SN55113 


SN75113 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


2 


V 


Low-level input voltage, V||_ 


0.8 


0.8 


V 


High-level output current, Ioh 


-40 


-40 


mA 


Low-level output current, IrjL 


40 


40 


mA 


Operating free-air temperature, Ta 


-55 125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55113 


SN75113 


UNIT 


MIN TYP* MAX 


MIN TYPt MAX 


V|k Input clamp voltage 


Vcc = MIN, l| = -12mA 


-0.9 -1.5 


-0.9 -1.5 


V 


v High-level output 
0H voltage 


Vcc = MIN, V| H = 2V, 
V|L = 0.8 V 


IOH = -10mA 


2.4 3.4 


2.4 3.4 


V 


Iqh = -40 mA 


2 3.0 


2 3.0 


y Low-level output 
01 voltage 


V C C = MIN, V|H = 2V, V| L = 0.8V, 
lOL ■ 40 mA 


0.23 0.4 


0.23 0.4 


V 


Vok Output clamp voltage 


Vcc = MAX, lo = -40mA 


-1.1 -1.5 


-1.1 -1.5 


V 


. Off-state open-collector 
°< off ) output current 


Vcc-MAX 


V 0 H = 12V 


T A = 25°C 


1 10 




> 


T A = 125°C 






Vqh - 5-25 V 


T A = 25°C 




1 10 


T A = 70°C 




20 


Off-state 
•OZ (high-impedance-state) 
output current 


Vqc = MAX, 
Output controls 
at 0.8 V 


T A = 25°C, V O = 0 toVcc 


±10 


±10 


ma 


T A = MAX 


v 0 = o 


-150 


-20 


Vq = 0.4V 


±80 


±20 


Vq = 2.4 V 


±80 


±20 


vo = vcc 


80 


20 


Input current 
l| at maximum 
input voltage 


A, B,C 


VrjC-MAX, V| = 5.5V 


i 


i 


mA 


CC 


2 


2 


. High-level 
m input current 


A, B,C 


VQC = MAX, V| = 2.4 V 


40 


40 


jiA 


CC 


80 


80 


. Low-level 
IL input current 


A, B,C 


Vcc = MAX, V| = 0.4V 


-1.6 


-1.6 


mA 


CC 


-3.2 


-3.2 


. Short-circuit 
^ output current§ 


Vcc = MAX, Vq = 0 Ta = 25°C 


-40 -90 -120 


-40 -90 -120 


mA 


Supply current 
'CC (both drivers) 


All inputs at 0 V, No load, 
T A = 25°C 


VQC - MAX 


47 65 


47 65 


mA 


V C C = 7V 


65 85 


65 85 



t All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink output. For 

conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at T A = 25°C and Vqc - 5 V, with the exception of Iqc at 7 v - 
§ Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 



switching characteristics, Vqc = 5 V, C|_ = 30 pF, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


SN55113 


SN75113 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


tpLH Propagation delay time, low-to-high level output 


See Figure 1 


13 20 


13 30 


ns 


tPHL Propagation delay time, high-to-low-level output 


12 20 


12 30 


ns 


tpzH Output enable time to high level 


RL = 1 80 CI, See Figure 2 


7 15 


1 20 


ns 


tPZL Output enable time to low level 


RL = 250 Q, See Figure 3 


14 30 


14 40 


ns 


tPHZ Output disable time from high level 


R|_ = 180 Q, See Figure 2 


10 20 


10 30 


ns 


tPLZ Output disable time from low level 


R[_ m 250 Q, See Figure 3 


17 35 


17 35 


ns 
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PARAMETER MEASUREMENT INFORMATION 



5V- 



1 kD 

-AA/V- 



Input — 



Pulse 
Generator 
(see Note A) 



50 Q j 



T 



AND 
Output 



^rv C L = 30 pF 
J_ (see Note B) 



NAND 
Output 



_L_ C L = 30 pF 
(see Note B) 



TEST CIRCUIT 



-<5ns 



■ <5 ns 



Input 



NAND 
Output 



AND 
Output 




VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zq = 50 Q, PRR < 500 kHz, t w = 1 00 ns. 
B. Cl includes probe and jig capacitance. 



Figure 1. Test Circuit and Voltage Waveforms tpLH and tpHL 
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PARAMETER MEASUREMENT INFORMATION 



Input 



Pulse 
Generator 
(see Note A) 



50 Q< 



1 kft ' 



5 V 



TO 



I 



TEST CIRCUIT 



5V 



AND 
Output 



-1— | 

pLc L = 30 P F V f 
_L (see Note B) po •- 



NAND 9 
Output | 



TCl = 30 pF 
_ (see Note B) 



180 Q 
Output 



<5ns— H k— 



Input 



Output 




tpHZ |« »| 



VOH 



>V o ff«0V 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zq = 50 Q, PRR < 500 kHz, t w = 1 00 ns. 
B. Cl includes probe and jig capacitance. 



Figure 2. Test Circuit and Voltage Waveforms t PZH and tpHz 
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PARAMETER MEASUREMENT INFORMATION 



Input 



Pulse 
Generator 
(see Note A) 



50 CI < 



5V 



1 kQ 




D- 




5V 



i 

T 



1 AND 

C L = 30pF iv° U,pUt 
(see Note B) 

NANDo I 



Output J 



_C L = 30 pF 
(see Note B) 



250 ft 



Output 



TEST CIRCUIT 



•I H— < 5 ns — W M — < 5 ns 

I I I l_ 

I -ih 90% 90%^ 




■3V 



Input i^LSV 
10% . 



1.5 V\j 

l\- 10% 



ov 



tpzL" 



Output 



N^1.5V 



i 

5V 

0.5 V 

- — y~ vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zo = 50 £2, PRR < 500 kHz, t w = 1 00 ns. 
8. C(_ includes probe and jig capacitance. 



Figure d. Test Circuit and Voltage Waveforms, tpzL and tpi_z 
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TYPICAL GHARACTERISTICSt 



> 

i 



I 
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t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 3 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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TYPICAL CHARACTERISTICSt 
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Figure 8 
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t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 3 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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TYPICAL CHARACTERISTICSt 
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for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 3 circuits 
These parameters were measured with the active pullup connected to the sink output. 
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TYPICAL CHARACTERISTICSt 
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Figure 17 



t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 3 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 

APPLICATION INFORMATION 



L_ J 

Location 1 



:Rrt 



=o 



Location 3 
I — 



Location 5 
i" "~ i 



Location 2 



:R T t 



Twisted 
Pair 



Location 4 



SN75113 Driver 



SN75115 Receiver 



L. I 

Location 6 



t Rj = Zo- A capacitor may be connected in series with Rj to reduce power dissipation. 

Figure 18. Basic Party-Line or Data-Bus Differential Data Transmission 
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Choice of Open-Collector, Open-Emitter, or 

Totem-Pole Outputs 

Single-Ended or Differential AND/NAND 

Outputs 

Single 5-V Supply 
Dual-Channel Operation 
TTL Compatible 
Short-Circuit Protection 
High-Current Outputs 
Triple inputs 

Clamp Diodes at Inputs and Outputs 
Designed for Use With SN55115 and 
SN75115 Differential Line Receivers 

Designed to Be Interchangeable With 
National DS9614 Line Driver 



description 



The SN55114 and SN75114 dual differential line 
drivers are designed to provide differential output 
signals with the high-current capability for driving 
balanced lines, such as twisted pair, at normal line 
impedances without high power dissipation. The 
output stages are similar to TTL totem-pole 
outputs, but with the sink outputs, YS and ZS, and 
the corresponding active pullup terminals, YP and 
ZP, available on adjacent package pins. Since the 
output stages provide TTL-compatible output 
levels, these devices may also be used as TTL 
expanders or phase splitters. 

The SN55114 is characterized for operation over 
the full military temperature range of -55°C to 
125°C. The SN75114 is characterized for 
operation from 0°C to 70°C. 



SN55114 ... J OR W PACKAGE 
SN75114 . . . D OR N PACKAGE 

(TOP VIEW) 



1ZP[ 




u 16 


]v cc 


1 




1ZS[ 


2 


15 


]2ZP 


1YS[ 


3 


14 


]2ZS 


1YP[ 


4 


13 


]2YS 


1A[ 


5 


12 


]2YP 


1B[ 


6 


11 


]2C 


1C[ 


7 


10 


]2B 


GND [ 


8 


9 


]2A 



SN55114 . . . FK PACKAGE 
{TOP VIEW) 

CO £L 'O Q_ 
N N ^ O N 
T- r- Z > CM 



1YS ] 4 

1YP ] 5 

NC ] 6 

1A ]7 

IB ]8 



LJLJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 
i-ir-ir-ir-ii-i 



18[ 2ZS 
17[ 2YS 
16[ NC 
15[ 2YP 
14[ 2C 



O Q O < CO 

r- ^ Z W W 

o 

NC - No internal connection 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


A B C 


Y Z 


H L H 
All other inputs combinations 


H L 
L H 



H m high level, L = low level 



PRODUCTION DATA Information is current as of publication date. Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Production processing does not necessarily Include vt'jP TcVAC 

testing of all parameters. I H.X /X^ 
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logic symbolt 




logic diagram (positive logic) 



1A 
1B 
1C 



2A 
2B 
2C 



10 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and 

IEC Publication 617-12. 
Pin numbers shown are for the D, J, N, and W packages. 

schematic (each driver) 



12 



13 



15 
14 



1YP 
1Y2 

1ZP 
1ZS 

2YP 
2YS 

2ZP 
2ZS 



AND 4|12 

Pullup 

YP 



AND 
Sink Output 
YS 



3, 13 




vcc 



1, 15 NAND Pullup 
ZP 



2,14 NAND 

Sink Output 

zs 



$ These components are common to both drivers. Resistor values shown are nominal and in ohms. 
Pin numbers shown are for the D, J, N, and W packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55114 


SN75114 


UNIT 


Supply voltage, Vqq (see Note 1 ) 


7 


7 


V 


Input voltage, V| 


5.5 


5.5 


V 


Off-state voltage applied to open-collector outputs 


12 


12 


V 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0to70 


°c 


Storage temperature range, T s t g 


-65 to 150 


-65 to 150 


°c 


Case temperature for 60 seconds, T c : FK package 


260 




°c 


Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: J or W package 


300 




°c 


Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds: D or N package 




260 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK* 


1375 mW 


11.0 mW/°C 


880 mW 


275 mW 


Jt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W* 


1000 mW 


8.0 mW/°C 


640 mW 


200 MW 



t In the FK, J, and W packages, SN551 1 4 chips are either silver glass or alloy mounted. 

recommended operating conditions 





SN55114 


SN75114 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5,25 


V 


High-level input voltage, Vm 


2 


2 


V 


Low-level input voltage, V|i_ 


0.8 


0.8 


V 


High-level output current, Iqh 


-40 


-40 


mA 


Low-level output current, Iql 


40 


40 


mA 


Operating free-air temperature, Ta 


-55 125 


0 70 


°c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55114 


SN75114 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|k Input clamp voltage 


V C c - MIN, l| =-12mA 


-0.9 -1.5 


-0.9 -1.5 


V 


y. High-level output 
^ H voltage 


Vcc - MIN, V|H = 2 V, 
V| L = 0.8 V 


Iqh = -10 mA 


2.4 3.4 


2.4 3.4 


V 


Iqh = -40mA 


2 3 


2 3 


w Low-level output 


V C C = MIN, V|H = 2V, 
V|L-0.8V, lQL = 40mA 


0.2 0.4 


0.2 0.45 


V 


Vok Output clamp voltage 


Vcc = 5 V, lo = 40 mA, Ta * 25°C 


O. I D.O 


R 1 R 
O. I D.O 


V 


Vcc = MAX, lo--40mA, Ta = 25°C 


-1.1 -1.5 


-1.1 -1.5 


. Off-state open collector 
'O(off) 0U tp U t current 


Vcc = MAX 


V0H = 12V 


Ta = 25°C 


1 100 




ma 


T A -125°C 


200 




Vqh = 5.25 V 


T A = 25°C 






T A = 70°C 




200 


. Input current at 

' maximum input voltage 


Vcc = MAX, V|=»5.5V 


1 


1 


mA 


l|H High-level input current 


Vcc = MAX, V| = 2.4V 


40 


40 


MA 


l|l_ Low-level input current 


Vcc - MAX, V| = 0.4V 


-1.1 -1.6 


-1.1 -1.6 


mA 


. Short-circuit 
°^ output current§ 


Vcc - MAX, Vq = 0, Ta»25°C 


-40 -90 -120 


-40 -90 -120 


mA 


Supply current 
' cc (both drivers) 


All inputs at 0 V, No load, 
T A = 25°C 


V C C - MAX 


37 50 


37 50 


mA 


V C C = 7V 


47 65 


47 70 



t All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink output. For 

conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Ta = 25°C and Vcc = 5 V, with the exception of Ice at 7 V. 
§ Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST 
CONDITIONS 


SN55114 


SN75114 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


tp|_H Propagation delay time, low- to high-level output 


C L = 30 pF, 
See Figure 1 


15 20 


15 30 


ns 


tpHL Propagation delay time, high- to low-level output 


11 20 


11 30 


ns 
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PARAMETER MEASUREMENT INFORMATION 

— M W— <5ns 



— W ft- <5ns 

I 





90% 
1.5 V 



10%_/| 
Input ' j^. 



— t w — 



J-J — . 

90%X I 
1.5v\| 



3V 



OV 



} J_ AND Output 

X C L = 30pF I I/ 

± (see Note B) Q J put j 

NAND Output 
-T CL = 30pF 
~=~ (see Note B) 



N ^tpHL 



TEST CIRCUIT 




VOH 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq = 500 Q, PRR < 500 kHz, t w < 100 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 1 . Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICSt 
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Figure 3 



t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 4 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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TYPICAL CHARACTERISTICSt 
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t Data for temperatures below 0°C and above 70°C are applicable to SN55114 circuits only. These parameters were measured with the active 
pullup connected to the sink output. 
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TYPICAL CHARACTERISTICSt 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

SUPPLY VOLTAGE 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

FREE-AIR TEMPERATURE 



o 
>• 

a 

i 

8 



No Load 
T A = 25°C 


















































nputs 


Grour 


ided 
















(pen 



















































42 



40 



1 

J. 38 



O 
O 



34 



32 



012345678 
Vqc - Supply Voltage - V 



30 



Vcc = 5V I 
Inputs Grounded 

r\t itrti ito Hnan 































































































-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 



Figure 8 



Figure 9 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

FREQUENCY 



1 

i 



Q. 

a 



o 
o 



100 



80 



60 



40 



20 



TTTTTT 

V CC = 5V 

R|_= oo 

- C L = 30 pF 



Inputs: 3-V Square Wave 
Ta = 25°C ' 




0.1 0.4 1 4 10 40 100 

f - Frequency - MHz 

Figure 10 

t Data for temperatures below 0°C and above 70°C are applicable to SN55114 circuits only. These parameters were measured with the active 
pullup connected to the sink output. 
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APPLICATION INFORMATION 




1/2 SN75115 
Receiver 

r 



-tt- 



I 

i i 



Twisted Pair 

t Rj ■ Zo- A capacitor may be connected in series with Rj to reduce power dissipation. 

Figure 11. Basic Party-Line or Data-Bus Differential Data Transmission 
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Choice of Open-Collector or Active Pullup 
(Totem-Pole) Outputs 
Single 5-V Supply 
Differential Line Operation 
Dual-Channel Operation 
TTL Compatible 

±15-V Common-Mode Input Voltage Range 
Optional-Use Built-in 130-Q Line- 
Terminating Resistor 
Individual Frequency Response Controls 
Individual Channel Strobes 

Designed for Use With SN55113, SN75113, 
SN55114, and SN75114 Drivers 

Designed to Be interchangeable With 
National DS9615 Line Receivers 



description 



SN55115. 
SN75115 . 



. J OR W PACKAGE 
. D OR N PACKAGE 



(TOP VIEW) 

16]V CC 
15 ] 2YS 
14 ] 2YP 
13 ] 2STRB 
12 ] 2RTC 
11 ]2B 
10]2R T 
9 ]2A 

SN55114...FK PACKAGE 
(TOP VIEW) 

y i- Z > CM 




1STRB ]4 

1RTC ]5 

NC ]6 

1B ]7 

1R T ]8 



i ii ii ii ii i 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 2YP 
17[ 2STRB 
16[ NC 
15[ 2RTC 



14[ 2B 



NC - No internal connection 



FUNCTION TABLE 



The SN55115 and SN75115 dual differential line 
receivers are designed to sense small differential 
signals in the presence of large common-mode 
noise. These devices give TTL-compatible output 
signals as a function of the differential input 
voltage. The open-collector output configuration 
permits the wire-ANDing of similar TTL outputs 
(such as SN5401/SN7401) or other SN55115/ 
SN75115 line receivers. This permits a level of 
logic to be implemented without extra delay. The 
output stages are similar to TTL totem-pole 
outputs, but with sink outputs, 1 YS and 2YS, and 
the corresponding active pullup terminals, 1YP 
and 2YP, available on adjacent package pins. The 
frequency response and noise immunity may be 
provided by a single external capacitor. A strobe 
input is provided for each channel. With the strobe 
in the low level, the receiver is disabled and the 
outputs are forced to a high level. 

The SN55115 is characterized for operation over the full military range of -55°C to 125°C. The SN75115 is 
characterized for operation from 0°C to 70°C. 



DIFF 

STRB INPUT 
(A AND B) 


OUTPUT 
(YP AND YS TIED TOGETHER) 


L X 


H 


H L 


H 


H H 


L 



H = V| > Vjh min or V|p more positive than Vj + max 
L = V| < V|i_ max or V|Q more negative than Vj_ max 
X = irrelevant 
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logic symbolt 

5 




1YP 



1YS 



2YP 



2YS 



logic diagram (positive logic) 

5 



1B 
1A 
1RT 
1RTC 
1SRTB 

2B 
2A 
2RT 
2RTC 
2SRTB 



11 



12 



13 



9 


3 







4. 1YP(Pullup) 
1YS (Sink) 



2YP (Pullup) 
2YS (Sink) 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



schematic (each receiver) 



Resistor values are nominal and in ohms. 

Pin numbers shown are for D, J, N, and W packages. 



3,13 




Response 
^ Time 
Strobe control 
4,12 



1 150 J 


' — ' — ' 1 


-H" 




Common to 




Both Receivers 








|l50 I 


" J 



v C c 



3k 



20 



2,14 Pullup 
YP 



t 



1,15 Sink 

Output 

YS 



- QND 



* 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55115 


SN75115 


UNIT 


Supply voltage, Vcc (see Note 1 ) 


7 


7 


V 


Input voltage, V| (A, B, and Rj) 


±25 


±25 


V 


Input voltage, V| (STRB) 


5.5 


5.5 


V 


Off-state voltage applied to open-collector outputs 


14 


14 


V 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0to70 


°c 


Storage temperature range, T s t g 


-65 to 150 


-65 to 150 


°c 


Case temperature for 60 seconds: FK package 


260 




°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J or W package 


300 




°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds: D or N package 




260 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential input voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25 e C 


T A = 70°C 
POWER RATING 


T A = 125°C 
POWER RATING 


0 


950 mW 


7.6 mW/°C 


608 mW 




FKt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


Jt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




wt 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



t In the FK, J, and W packages, SN551 1 5 chips are either silver glass or alloy mounted. SN75T1 5 chips are glass 
mounted. 



recommended operating conditions 





SN55115 


SN75115 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level input voltage at STRB, V|h 


2.4 


2.4 


V 


Low-level input voltage at STRB, V||_ 


0.4 


0.4 


V 


High-level output current, Ioh 


-5 


-5 


mA 


Low-level output current, Iql 


15 


15 


mA 


Operating free-air temperature, T A 


-55 125 


0 70 


°c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55115 


SN75115 


UNIT 


MIN TYP+ MAX 


MIN TYP+ MAX 


§ Positive-going 
,T+ threshold voltage 


Vo = 0.4V, loL=15mA, V|c = 0 


500 


500 


mV 


§ Negative-going 
,T ~ threshold voltage 


Vq = 2.4V, loH = -5mA, V| C = 0 


-50011 


-500H 


mV 


Common-mode 
ICR j n put voltage range 


V| D -±1V 


+15 +24 
to to 
-15 -19 


+15 +24 
to to 
-15 -19 


V 


w High-level ouput 
^ H voltage 


Vcc = MIN, V|D=-0.5V, 
Iqh = -5 mA 


Ta = MIN 


2.2 


2.4 


V 


Ta = 25°C 


2.4 3.4 


2.4 3.4 


T A = MAX 


2.4 


2.4 


Low-level output 
OL voltage 


Vcc = MIN, V| D =-0.5V, 
Iql = 1 5 mA 


0.22 0.4 


0.22 0.45 


V 


. Low-level input 
current 


Vcc = MAX, V| = 0.4V, 
Other input at 5.5 V 


T A = MIN 


-0.9 


-0.9 


mA 


T A « 25°C 


-0.5 -0J 


-0.5 -0.7 


Ta = MAX 


-0.7 


-0.7 


High-level strobe 
current 


Vcc = MIN, V|D=-0.5V, 
v strobe = 4.5 V 


T A = 25°C 


2 


5 


MA 


Ta - MAX 


5 


10 


Low-level strobe 
current 


Vcc = MAX, V|D = 0.5 V, 
Vstrobe = 0.4 V 


T A = 25°C 


-1.15 -2.4 


-1.15 -2.4 


mA 


Response-time- 
(RTC) CO ntrol current 


Vcc = M AX . V| D = 0.5 V, 

Vrc-o 


T A = 25°C 


-1.2 -3.4 


-1.2 -3.4 


mA 


Off-state open- 
lo(off) collector output 
current 


Vcc = MIN, Vqh = 12V, 
V| D = -4.5V 


T A = 25°C 


100 






Ta - MAX 


200 




Vcc = MIN, Voh = 5-25V, 
V|D = -4.75 V 


Ta = 25°C 




100 


Ta = MAX 




200 


R Line-terminating 
T resistance 


V C C=5V 


Ta = 25°C 


77 130 167 


74 130 179 


Q 


. Supply-circuit out- 
os put current** 


Vcc = MAX, V|D--0.5V, 

v 0 = o 


T A = 25°C 


-15 -40 -80 


-14 -40 -100 


mA 


Supply current 
'CC (5 0 t n receivers) 


Vcc = MAX, V| D = 0.5V, 
V| C = 0 


Ta = 25°C 


32 50 


32 50, 


mA 



t Unless otherwise noted, V s t ro be = 2 - 4 v - All parameters with the exception of off-state open-collector output current are measured with the active 

pull-up connected to the sink output. 
$ All typical values are at Vcc = 5 V, Ta = 25°C, and Vic = 0. 
§ Differential voltages are at the B input terminal with respect to the A input terminal. 

U The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold 
voltages only. 

# Only one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 
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switching characteristics, Vqc = 5 V, Cl = 30 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


SN55115 


SN75115 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Propagation delay time, 
PLH low-to-high level output 


R[_ = 3.9 kQ, See Figure 1 


18 50 


18 75 


ns 


Propagation delay time, 
p HL high-to-low level output 


RL - 390 £2, See Figure 1 


20 50 


20 75 


ns 



Input- 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



Open 



2.4 V 
STRB 



5V 



I YP 




vo 



<5 ns ■ 

Differential 
Input 

10%, 



J 



Response 
Time Control 



^ Cl = 30 pF 
_Q (see Note B) 



Output 



Open 
TEST CIRCUIT 



J 90% 90%\ [~ 



< 5 ns 
| 3V 



10% 



-3V 



tpHL 



5 V 



tpLH 



1.5 V 



VOLTAGE WAVEFORM 




NOTES: A. The pulse generator has the following characteristics: Zo - 50 Cl, PRR < 500 kHz, t w < 1 00 ns, duty cycle = 50%. 
B. C|_ includes probe and jig capacitance. 

Figure 1 . Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 



< 

E 

§ 

o 

"3 
a 

c 

T 



INPUT CURRENT 
vs 

INPUT VOLTAGE 



-6 



I I I I I I 

Vcc = 5V 

Input Not Under Test at 0 V 








■/ 





































































































-25 -20 -15-10 -5 0 5 10 15 20 25 
V| - Input Voltage -V 

Figure 2 
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TYPICAL CHARACTERISTICSt 



o 

i 

8 



OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



4 
3.4 
3.2 
2.8 
2.4 

2 
1.6 
1.2 
0.8 
0.4 

0 



V C C = 4.5V 














(V|D = 


= -0.5 


VJOH 


= -5r 


iA) - 






















































































u 


^. m. 


r% - fi t 


; v i^i 




mAV 












I I I I I " ] 







-75 - 50 - 25 0 25 50 75 100 125 
Ty\ - Free-Air Temperature - °C 

Figure 3 



> 

o 

O) 

3 



t 

O 

I 

>° 



OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 



No 

t a 


I 1 

Load 
= 25° 


l 

C 






















v< 


;c = - 


5.5 V 
















- V CC = 5V . 


















V( 


; C = 4.5V 








































= -' 


V 














> 


V|D 




































) = 1 

u 


V 

u 









-25-20-15-10 -5 0 5 10 15 20 25 
V|c - Common-Mode Input Voltage - V 

Figure 4 



> 

i 



3- 

3 

o 

1 



X 

>° 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 









V| D = 
T A = 2 


-0.5 V 
5°C 




-^Vgc 


CC = 5.5\ 
= 5V * 


r 






vcc = 


4.5 V 



























-10 -20 -30 -40 
'OH - High-Level Output Current - mA 

Figure 5 



-50 



> 

i 

o 
2> 



0.4 



0.3 



~ 0.2 



O 

I 



L o.i 



>° 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL 1 0UTPUT CURRENT 



V| D = 
T A = S 


0.5 V 
>5°C 














vcc = 


4.5 V/ 


CC = 5.« 


IV 



























5 10 15 20 25 30 
'OL~ Low-Level Output Current - mA 

Figure 6 



t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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> 

I 

d> 

I 
§ 

3 

& 
3 

o 

I 

>° 



* 3 



TYPICAL CHARACTERISTICSt 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



0 
-0.2 







V C C = 5 \ 
Load = 2 


r 

k^toVcc 




: 125°C 


\ 






T A = 25 


C ^ 














T A = -K 


°C 






\ 

















-0.1 0 0.1 

Vid - Differential Input Voltage - V 

Figure 7 



0.2 



o 

i 

o 



> 

I 

O 



* 3 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



1 1 

Vcc = 5.5V 












V CC = 5V 




Vcc = 4.5V 




































































Lo« 
T A 


id = 2 
= 25°C 
I 


i 


/cc 

L, 


L. L. 









-0.2 -0.15 -0.1 -0.05 0 0.5 0.1 0.15 0.2 
Vid - Differential Input Voltage - V 

Figure 8 



> 

i 

O) 

3 



& 

8 

i 



OUTPUT VOLTAGE 
vs 

STROBE INPUT VOLTAGE 




0.5 1 1.5 2 2.5 3 3.5 
Vstrobe - Strobe input Voltage - V 

Figure 9 



a 
3 

5 3 

Q. 

o 



OUTPUT VOLTAGE 
vs 

STROBE INPUT VOLTAGE 













I I 
V C C = 5V 
No Load 












V 


ID = 0. 


5 V 










t = 12i 


i°C 














n 








I5°C 














■ A = 2e 


°C 






















D 0 


.5 1 


1 


.5 2 


I 2 


.5 C 


J 3 


.5 4 



v strobe ~ Strobe Input Voltage - V 
Figure 10 



t Data for temperatures below 0°G and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN551 1 5 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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TYPICAL CHARACTERISTICS'!" 



o 

Q. 

a 

3 
CO 

I 

o 
o 



F 



1 



SUPPLY CURRENT 
(BOTH RECEIVERS) 
vs 

SUPPLY VOLTAGE 



60 



50 



E 

I 40 



30 



20 



10 



, 

No L 
T A = 


r— 
.oad 
25°C 


















B Ir 


tput at 
iput at 


vcc 

OV 












A If 
















r Bl 


nputa 
nputa 


COV 

tv C c 












Al 





















2 3 4 5 6 7 
Vcc - Supply Voltage - V 

Figure 11 

PROPAGATION DELAY TIMES 
vs 

FREE-AIR TEMPERATURE 



30 



25 



20 



15 



10 



— 1 
vcc 

See 


1 

= 5V 
Figure 1 














tPr 




= 390 


Q) 




























tp 


.h(Rl 


= 3.9 


kQ) 







































-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 13 



SUPPLY CURRENT 
(BOTH RECEIVERS) 
vs 

FREE-AIR TEMPERATURE 



< 
E 

I 



CO 

i 

8 



40 
35 
30 
25 
20 
15 
10 
5 
0 



































































































vc< 


; = 5.5 


V 












b input ai 5.3 v 
A Input at 0 V 

I I 













-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 12 

MAXIMUM OPERATING FREQUENCY 
vs 

RESPONSE-TIME-CONTROL CAPACITANCE 



10M 



S 



o 

E 

3 

E 
x 



3 




0.001 0.01 0.1 1 10 

Response-Time-Control Capacitance - \iF 

Figure 14 



t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 circuits 
only. These parameters were measured with the active pullup connected to the sink output. 
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APPLICATION INFORMATION 

Location 3 



z 0 t 



Location 1 



£5*3- 



Lo catio n 5 



Location 2 



-t 



Location 6 



Twisted 
Pair 



Location 4 



SN75113 Driver 



SN75115 Receiver 



t Zo = Rt- A capacitor may be connected in series with Zo to reduce power dissipation. 

Figure 15. Basic Party-Line or Data-Bus Differential Data Transmission 
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■features common to all types 
I • Single 5-V Supply 
I • 3-State Driver Output Circuitry 
I • TTL-Compatible Driver Inputs 
' • TTL-Compatible Receiver Output 

• Differential Line Operation 

• Receiver Output Strobe ('116, SN75117) or 
Enable (SN75118, SN75119) 

• Designed for Party-Line (Data-Bus) 
Applications 

• Choice of Ceramic or Plastic Packages 



SN55116, SN75116, THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

SLLS073B - MAY 1 976 - REVISED MAY 1 995 



additional features of the SN55116/SN75116 

• Independent Driver and Receiver 

• Choice of Open-Collector or Totem-Pole 
Outputs on Both Driver and Receiver 

• Dual Data Inputs on Driver 

• Optional Line-Termination Resistor in 
Receiver 

• +15-V Receiver Common-Mode Capability 

• Receiver Frequency Response Control 

additional features of the SN75117 

• Driver Output internally Connected to 
Receiver Input 



The SN75118 is an SN75116 With 3-State Receiver Output Circuitry 
The SN75119 is an SN75117 With 3-State Receiver Output Circuitry 



description 



These integrated circuits are designed for use in interfacing between TTL-type digital systems and differential 
data-transmission lines. They are especially useful for party-line (data-bus) applications. Each of these circuit 
types combine in one package a 3-state differential line driver and a differential input line receiver, both of which 
operate from a single 5-V power supply. The driver inputs and the receiver outputs are TTL compatible. The 
driver employed is similar to the SN55113/SN75113 3-state line driver, and the receiver is similar to the 
SN55115/SN751 15 line receiver. 

The '11 6 and SN751 1 8 circuits offer all the features of the SN551 1 3/SN751 1 3 driver and the SN551 1 5/SN751 1 5 
receiver combined. The driver performs the dual input AND and NAND functions when enabled or presents a 
high impedance to the load when in the disabled state. The driver output stages are similar to TTL totem-pole 
outputs, but have the current-sink portion separated from the current-sourcing portion and both are brought out 
to adjacent package terminals. This feature allows the user the option of using the driver in the open-collector 
output configuration, or, by connecting the adjacent source and sink terminals together, of using the driver in 
the normal totem-pole output configuration. 

The receiver portion of the '1 1 6 and SN751 1 8 features a differential input circuit having a common-mode voltage 
range of ± 1 5 V. An internal 1 30-Q resistor is also provided, which may optionally be used for terminating the 
transmission line. A frequency response control terminal allows the user to reduce the speed of the receiver or 
to improve differential noise immunity. The receiver of the '1 1 6 also has an output strobe and a split totem-pole 
output. The receiver of the SN751 1 8 has an output-enable for the 3-state split totem-pole output. The receiver 
section of either circuit is independent of the driver section except for the Vqc and ground terminals. 

The SN75117 and SN751 19 circuits provide the basic driver and receiver functions of the '116 and SN75118, 
but use a package that is only half as large. The SN75117 and SN75119 are intended primarily for party-line 
or bus-organized systems as the driver outputs are internally connected to the receiver inputs. The driver has 
a single data input and a single enable input, and the SN751 1 7 receiver has an output strobe while the SN751 1 9 
receiver has a 3-state-output enable. These devices do not, however, provide output connection options, line 
termination resistors, or receiver frequency-response controls. 

The SN55116 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN75116, SN75117, SN75118, and SN75119 are characterized for operation from 0°C to 70°C. 
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SN55116, SN75116, THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

SLLS073B - MAY 1 976 - REVISED MAY 1 995 



SN55116 . . . J PACKAGE 
SN75116 . . . D OR N PACKAGE 
(TOP VIEW) 




SN75118 . . . D OR N PACKAGE 
(TOP VIEW) 




SN55116...FK PACKAGE 
(TOP VIEW) 



CO Q. ^ 
N N OP CQ 
Q Q Z > Q 



DYS ] 4 
DYP ] 5 



NC 
RA 

Rt 



uuuuu 

3 2 1 20 19 



]6 
]7 
]8 



9 10 11 12 13 

nnnnn 



18[ DA 
17[ DE 
16[ NC 
15[ RYP 
14[ RYS 



CD Q O O CO 
DC Z Z H dc 
O DC 



NC - No internal connection 



SN75117 . . . D OR P PACKAGE 
fTOPVIEW) 




GND [ 4 



SN75119 . . . D OR P PACKAGE 
(TOP VIEW) 



Dl[ 


1 M 


8 


]v cc 


B{ 


2 




]DE 


A[ 


3 


6 


]RY 


GND [ 


4 


5 


]RE 



'116, SN75118 
DRIVER 



INPUTS 


OUTPUTS 


DE DA DB 


DY DZ 


L X X 
H L X 
H X L 
H H H 


Z Z 
L H 
L H 
H L 



Function Tables 



SN75117, SN75119 
DRIVER 



INPUTS 


OUTPUTS 


Dl DE 


A B 


H H 
L H 
X L 


H L 
L H 
Z Z 



'116, SN75118 
RECEIVER 



RS/RE D,FF 
R5/RE INPUT 


OUTPUTS RY 


•116 SN75118 


L X 
H L 
H H 


H Z 
H H 
L L 



H = high level (V| > Vm min or V|d more positive than Vjh max) 
L - low level (V| < V|j_ max or V|q more negative than Vjj_ max) 
X = irrelevant 
Z = high impedance (off) 



SN75117, SN75119 
RECEIVER 



INPUTS 


OUTPUT RY 


A B RS/RE 


SN75117 SN75119 


H L H 
L H H 
X X L 


H H 
L L 
H Z 
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logic symbolst 



•116 



DE 
DA 
DB 

RB 
RA 

Rt 

RS 
RTC 



DE 
DA 
DB 

RB 
RA 

Rt 

RE 
RTC 



13 


&t> ? 

EN £ 


4 


3 


14 


N 1 


15 


S 2 


7 


S 12 


Rt 


&> 


3 fx 




s « 


10 


RESP 


4 




13 


SN75118 


&> * 

EN £ 


3 


14 


N 1 


15 


S 2 


7 


x 12 


l u 

l 

EN 

RESP 


5 i\ 


6 
10 


s 11 




9 )( 



DYP 
DYS 
DZP 
DZS 



RYP 
RYS 



DYP 
DYS 
DZP 
DZS 



RYP 
RYS 



DE 
Dl 

RS 
RY 



DE 
Dl 

RE 
RY 



7 


SN75117 


_ 3 


> 

EN v 

V 


1 




2 


5 


IT 


r 


&< |- 




7 


SN75119 






> 

EN v 


^ 3 


1 




2 


5 


IF 

A 




r ' l 


6 ✓ 



t These symbols are in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 



logic diagrams (positive logic) 

'116 andSN75118 



DE 



DA 
DB 



13 


14 




15 





DYP (pullup) 
DYS (sink) 

DZP (pullup) 
DZS (sink) 



'116 Receiver 



RB- 
RA- 
Rt- 

RTC- 
RS- 



P>TX>-££i 



10 



RYP (pullup) 
RYS (sink) 



SN75118 Receiver 



RE 
RB 
RA 

Rt 

RTC 



10 
7 



RYP (pullup) 
RYS (sink) 



SN75117 Driver and Receiver 



RS 
DE 
Dl 



4 ► 



RY 
A 



BUS 



SN75119 Driver and Receiver 



RE 
DE 
Dl 



4 > 



RY 
A 



BUS 



Pin numbers shown for the SN551 1 6 are for the J package, those shown for the SN751 1 8 are for the N package, those shown for SN751 1 7 and 
SN751 19 are for the P package. 
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schematics of inputs and outputs 



EQUIVALENT OF 
EACH DRIVER INPUT 
AND EACH RE AND RS INPUT 



V C C 



Input 



4kQ 
NOM 



hi 



A 



EQUIVALENT OF 
EACH RECEIVER INPUT 
(EXCLUDING ENABLES AND STROBES) 



VCC 



Input 



7kQ 
NOM 



1 pF NOM 



8kQ 
NOM 



130 Q 
NOM 



TYPICAL OF ALL OUTPUTS 




^ ^ Pullup 
Y outputt 

Sink 
'outputt 



5 



rh 

Driver output R = 9 Q NOM 
Receiver output R = 20 Q NOM 
ton SN75117 and SN75119, common outputs 
replace the separate pullup and sink outputs. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





*116, 
SN75118 


SN75117, 
SN75119 


UNIT 


Supply voltage, Vcc ( see Note 1) 


7 


7 


V 


Input voltage, V| 


DA, DB, DE, Dl, RE, RS 


5.5 


5.5 


V 


RA, RB, RT 


±25 




AandB 




0to6 


Off-state voltage applied to open-collector outputs 


12 




V 






SN55116 


SN75116 

THRU 
SN75119 


UNIT 


Continuous total power dissipation (see Note 2) 


See Dissipation Rating Table 


Operating free-air temperature range, T/\ 


-55 to 125 


0 to 70 


°C 


Storage temperature range, T s tg 


-65 to 50 


-65 to 50 


°c 


Case temperature for 60 seconds, Tq: FK package 


260 




°c 


Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: J package 


300 


300 


°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 10 seconds: D, N, or P package 




260 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only/and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to network ground terminal. 



2. In the FK and J packages, SN551 1 6 chip is alloy mounted and SN751 1 6 through SN751 1 9 chips are glass mounted. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta ^ 25°C 
POWER RATING 


Derating factor 

ABOVE T A = 25°C 


Ta a 70°C 
POWER RATING 


I A = iZo U 
POWER RATING 


D (8 pin) 


725 mW 


5.8 mW/°C 


464 mW 




D (16 pin) 


950 mW 


7.6 mW/°C 


608 mW 




FK 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




P 


1000mW 


8.0 mW/°C 


640 mW 





recommended operating conditions 



PARAMETER 


SN55116 


SN75' 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.5 5 5.5 


V 


High-level input voltage, Vm 


All inputs except 
differential inputs 


2 


2 


V 


Low-level input voltage, V||_ 


0.8 


0.8 


V 


High-level output current, Iqh 


Drivers 


-40 


-40 


mA 


Receivers 


-5 


-5 


Low-level output current, IrjL 


Drivers 


40 


40 


mA 


Receivers 


15 


15 


Receiver ipput voltage, V| 


'116, '118 


±15 


±15 


V 


'117, '119 


0 6 


0 6 


Common-mode receiver input voltage, V|cr 


'116, '118 


±15 


±15 


V 


'117, '119 


0 6 


0 6 


Operating free-air temperature, Ta 


-55 125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



driver section 



PARAMETER 


TEST CONDITIONSt 


'116, SN75118 


SN75117, SN75119 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


V|k Input clamp voltage 


Vcc = MIN, l| = -12mA 


-0.9 -1.5 


-0.9 -1.5 


V 


v OH High-level output voltage 


Vcc = M,N > 
V|L = 0.8V, 
l, H = 2V 


T A = 25°C(SN55116), 
T A = 0°Cto70 o C(SN75') 


IOH = -10 mA 


2.4 3.4 


2.4 3.4 


V 


Iqh = -40 mA 


2 3 


2 3 


T A = -55°C to 125°C (SN55') 


|qh = -10 mA 


2 


2 


Iqh = -40 mA 


1.8 


1.8 


Vol Low-level output voltage 


Vcc = MIN, V| H -2V, V| L = 0.8V, l O L = 40mA 


0.4 


0.4 


V 


Vqk Output clamp voltage 


Vcc = MAX, lQ = -40mA, DEat0.8V 


-1.5 


-1.5 


V 


'O(off) Off-state open-collector output current 


V C C= MAX, 
Vq=12V 


T A = 25°C 


1 10 




»A 


T A = MAX 


SN55116 


200 




SN75' 


20 




. Off-state (high-impedance-state) 
'OZ output current 


V C c = MAX, V O = 0toVcc, DE at 0.8 V, T A = 25°C 


±10 




MA 


Vcc = MA X, 
DE at 0.8 V, 
T A = MAX 


V O =0 


SN55116 


-300 




Vq= 0.4 VtoVcc 


SN55116 


±150 




VQ = 0toVcc 


SN75' 


±20 




Input current at maximum 
1 input voltage 


Driver or 
enable input 


Vcc = MAX, Vj = 5.5V 


1 


1 


mA 


l|H High-level input current 


Vcc = MAX, V| = 2.4V 


40 


40 


MA 


1 1 1_ Low-level input current 


Vcc = MAX, V| = 0.4 V 


-1.6 


-1.6 


mA 


'OS Short-circuit output current§ 


Vcc = MAX, Vo = 0, Ta = 25°C 


-40 -120 


-40 -120 


mA 


. Supply current (driver and receiver 
combined) 


Vcc = MAX, T A = 25°C 


42 60 


42 60 


mA 



t All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink output. For conditions shown as MIN or MAX, 

use the appropriate value specified under recommended operating conditions. 
* All typical values are at Vcc = 5 V and T A = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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switching characteristics, Vqc = 5 V, C|_ = 30 pF, Ta = 25°C 
driver section 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low-to-high level output 


See Figure 13 


14 30 


ns 


tPHL Propagation delay time, high-to-low level output 


12 30 


tPZH Output enable time to high level 


R|_ = 1 80 Q, See Figure 1 4 


8 20 


ns 


tpzi_ Output enable time to low level 


R|_ - 250 Q, See Figure 1 5 


17 40 


ns 


tpHZ Output disable time from high level 


R|_ = 1 80 ft, See Figure 1 4 


16 30 


ns 


tpi_z Output disable time from low level 


RL - 250 Q, See Figure 1 5 


20 35 


ns 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
receiver section 



PARAMETER 


TEST CONDITIONSt 


*116 f SN75118 


SN75117, SN75119 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


V|j + Positive-going threshold voltage§ 


Vo = 0.4V, loL = 15mA, 
See Note 3 


Vcc = MIN, V|CR = 0, 
See Note 4 


U.o 


U.o 


V 


V C C = 5V, V ICR = MAX, 
See Note 5 


1 


1 


V| j_ Negative-going threshold voltage§ 


Vq = 2.4V, loL = -5mA, 
See Note 3 


V C C = MIN, V|CR = 0, 
See Note 4 


-0.51 


-0.5f 


V 


V C C = 5V, V| CR = MAX, 
See Note 5 


-11 


-l1f 


V| Input voltage range* 


Vcc = 5V, V|D = -1Vor1V, SeeNote3 


15 
to 
-15 


6 
to 
0 


V 


Voh High-level output voltage 


•OH = -5 mA, 
See Note 3 


V C C = MlN, V| D = -0.5V, 
V ICR = 0. -Sb© Notes 4 and 6 




2.4 


V 


V C C = 5V, V| D = -1V, 
V|cr = MAX, See Note 5 


2.4 


2.4 


Vol Low-level output voltage 


See Note 3 


V C C = MIN, V| D =0.5V, 
V ICR = 0. Se © Notes 4 and 7 


0.4 


0.4 


V 


VcC = 5V, V| D = 1V, 
V|cr = MAX, See Note 5 


0.4 


0.4 


'l(rec) Receiver input current 


V C C = MAX, 
See Note 3 


V|= 0, Other input at 0 V 


-0.5 -0.9 


-0.5 -1 


mA 


V| = 0.4 V, Other input at 2.4 V 


-0.4 -0.7 


-0.4 -0.8 


V| = 2.4 V, Other input at 0.4 V 


0.1 0.3 


0.1 0.4 


. Input current at maximum 
' input voltage 


Strobe 


Vcc = MIN, V|D = -0.5V, 
v strobe = 4.5 V 


'116.SN75117 


5 


5 


MA 


Enable 


Vcc = MAX, V| = 5.5V 


SN75118,SN751t9 


1 


1 


mA 



t Unless otherwise noted, V s trobe = 2 4 V. All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink output. 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vqc = 5 V, Ta = 25°C, and Vie = 0. 

§ Differential voltages are at the B input terminal with respect to the A input terminal. Neither receiver input of the SN751 1 7 or SN751 1 9 should be taken negative with respect to GND. 

' The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltages only. 

# Input voltage range is the voltage range that, if exceeded at either input, will cause the receiver to cease functioning properly. 

NOTES: 3. Measurement of these characteristics on the SN751 1 7 and SN751 1 9 requires the driver to be disabled with the driver enable at 0.8 V. 

4. This applies with the less positive receiver input grounded. 

5. For '1 1 6 and SN751 1 8, this applies with the more positive receiver input at 1 5 V or the more negative receiver input at - 1 5 V. For SN751 1 7 and SN751 1 9, this applies 
with the more positive receiver input at 6 V. 

6. ForSN55116, V|D = -1 V 

7. ForSN55116,V|D = 1 V 



receiver section (continued) 



PARAMETER 


TEST CONDITIONSt 


'116, SN75118 


SN75117,SN75119 


UNIT 


MIN TYP* MAX 


MIN TYP+" MAX 


l|H High-level input current 


Enable 


VCC = MAX, V| = 2.4V 


SN75118, SN75119 


40 


40 


MA 


l| Low-level input current 


Strobe 


V CC = MAX, V| D = 0.5V, 
V s trobe = °- 4 v » See Notes 4 and 7 


'116, SN75117 


-2.4 


-2.4 


mA 


Enable 


V<x = MAX, V| = 0.4V 


SN75118, SN75119 


-1.6 


-1.6 


'(RTC) Response-time-control current (RTC) 


V C C = MAX, V| D = 0.5V, 

RC at 0 V, See Notes 4 and 7 


Ta= 25°C 


-1.2 




mA 


'O(off) Off-state open-collector output current 


V C C = MAX, 
Vq = 12V, 
V| D = -1 V 


Ta = 25°C 




1 10 




MA 


Ta = MAX 


SN55116 


200 




SN75_ 


20 




. Off-state (high-impedance-state) 
oz output current 


V G C = MAX, 
Vo = 0 to Vcc» 
RE at 0.4 V 


Ta = 25°C 


SN75118, SN75119 


±10 


±10 


ma 


Ta = MAX 


SN75118 


+20 




SN75119 




±20 


Rj Line-terminating resistance 


V C C = 5V 


Ta = 25°C 


77 167 




Q 


•OS Short-circuit output current§ 


V C C = MAX, V O = 0, 

V|d = - 0.5 V, See Notes 4 and 6 


T A = 25°C 


-15 -80 


-15 -80 


mA 


. Short current (driver and 
cc receiver combined) 


V C C = MAX, V| D = 0.5V, 
See Notes 4 and 7 


Ta = 25°C 


42 60 


42 60 


mA 



t Unless otherwise noted V s t r0 be = 2 -4 V. All parameters with the exception of off-state open-collector output current are measured with the active pullup connected to the sink output. 

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at Vcc = 5 V, Ta = 25°C, and V|c = 0. 
§ Not more than one output should be shorted at a time. 
NOTES: 4. This applies with the less positive receiver input grounded. 



6. For SN55116, V| D =-1 V 

7. ForSN55116,V !D = 1 V 
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switching characteristics, Vqc = 5 V, Cl = 30 pF, Ta = 25°C 
receiver section 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low-to-high-level output 


Rl 


= 400 Q, 


See Figure 16 


20 


75 


ns 


tPHL 


Propagation delay time, high-to-low-level output 


17 


75 


ns 


tPZH 


Output enable time to high level 




Rl 


-480 a 


See Figure 14 


9 


20 


ns 


tPZL 


Output enable time to low level 


SN75118and 


Rl 


- 250 a 


See Figure 15 


16 


35 


ns 


tPHZ 


Output disable time from high level 


SN75119only 


Rl 


*480a 


See Figure 14 


12 


30 


ns 


tPLZ 


Output disable time from low level 




Rl 


= 250 Q, 


See Figure 15 


17 


35 


ns 



TYPICAL CHARACTERISTICS 



> 

i 

a> 
o> 
3 

§ 
3 



i 

o 



DRIVER 
OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



1 1 

No Load 
T A = 25°C 




















v C c 


i = 5.5 


V 








: = 5V 














• v C c 










Vcc = 4.5V 

































































1 2 3 

V| - Input Voltage -V 

Figure 1 



> 

i 



8 



DRIVER 
OUTPUT VOLTAGE 

INPUT VOLTAGEt 



V C C = 5V 
No Load 


















































































-A 






















t s 25°C 










y 
















^ = 125°C 

I 




4- 









0 12 3 4 

V| -Input Voltage -V 

t Data for temperatures below 0°C and above 70°C are 
only applicable to SN551 1 6. 



Figure 2 
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> 

I 

o> 

O) 

B 



x 

i 

X 

.p 



if 3 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



Ta = 


25°C 












= 5.5 V 






-v cc = 


>V 




v C c = 


4.5 V 























-20 -40 -60 -80 
lOH ~ High-Level Output Current - mA 

Figure 3 



-100 



> 

I 

© 



B 

8 
I 

o 

-J 

i 



>° 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



Ta = 2 


5°C 














V( 


5C = 46 


V 






















vcc 


= 5.5V 





























20 40 50 80 100 
lOL - Low-Level Output Current - mA 

Figure 4 



120 





20 




18 


W 

c 

I 


16 


o 
E 


14 






& 


12 


o 

Q 


10 


c 

O 




1 


8 


I 
2 


6 


Q. 




I 

X 


4 


2 




0 



DRIVER 

PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATUREt 



1 1 

V C C = 5 \ 

"~ C|_ = 30 p 
See Figur 


. 

f 












F 

e13 
















tPLI 


•\ 
































IL 



























































































-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 5 



i= 
3 



Q 
■o 



A 

CO 

c 

LU 

*-> 
3 

B 
S 



30 
25 

20 
15 
10 



DRIVER 

OUTPUT ENABLE AND DISABLE TIME 
vs 

FREE-AIR TEMPERATUREt 



"■ i r 

V C C=5V 
See Note A 














tPLZ 














tPZL 
























tPHZ 




























ZH 





















-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 6 



t Data for temperatures below 0°C and above 70°C are only applicable to SN551 1 6. 

NOTE A: For tpzn and tpHZ : R L = 1 80 ft see Figure 1 4. For tpzi_ and tpi_z: R[_ = 250 Q, see Figure 1 5. 
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TYPICAL CHARACTERISTICS 



> 

i 



O 

l 

>° 



RECEIVER 
OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



0 
-0.2 



Vcc = 5.5V 




Load = 2 kQ to Vs«o 


V C C = 5V ^ 




T A = 25°C 




Vcc = 4.5V 
















\ 












































V 




v .. 





-0.1 0 0.1 

V| D - Differential Input Voltage - V 

Figure 7 



0.2 
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o 
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3 
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>° 



RECEIVER 
OUTPUT VOLTAGE 
VS 

DIFFERENTIAL INPUT VOLTAGEt 







Vqc = 5\ 
Load = 2 


f 

kfltoVcc 






















*— T A 


= 125°C 










T A 


= 25°C 


T A = -55 

/ 


»c — * 


















^ 





-0.2 -0.1 0 0.1 

V| D - Differential Input Voltage - V 

Figure 8 



0.2 




-75 -50 -25 0 25 50 75 100 125 
T A - Free-Air Temperature - °C 

Figure 9 



-75 -50 -25 0 25 50 75 100 125 
T A - Free-Air Temperature - °C 

Figure 10 



t Data for temperatures below 0°C and above 70°C are only applicable to SN551 16. 

NOTE A: For tpzH and tpnz :Rl= 480 a » see Figure 14. For tpzi_ and tpLz: R|_ - 250 Q, see Figure 15. 
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TYPICAL CHARACTERISTICS 



DRIVER AND RECEIVER 
SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 



No Load 
Ta=25 0 C 
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2 3 4 5 6 
Vcc - Supply Voltage - V 

Figure 11 
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DRIVER AND RECEIVER 
SUPPLY CURRENT 
VS 

FREE-AIR TEMPERATUREt 















C = 5 





















































































































































-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

t Data for temperatures below 0°C and above 70°C are only 
applicable to SN551 16. 

Figure 12 
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SN55116, SN75116, THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 

SLLS073B - MAY 1 976 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 



From Output . 
Under Test 



Test 

Point 
^ CL = 30pF 
(see Note A) 



LOAD CIRCUIT 



— >j j*--<5ns — ►! L*— <5ns 

i / 90% 90% v r 

'"P ut /1.5 V 1.5 V\ 

1Q2bF X 10% 



NAND I 
Output I 



-*h tpHL 
1.5 V 



tPLHH^" 



-^HtpLH 



r« M-tpHL 



AND 
Output 



V — : — A— 

3M.5V \l.5V 



VOLTAGE WAVEFORMS 

Figure 13. tp L H and tpHL (drivers only) 

5V 



From Output 
Under Test 



R L = 250 a 



X: C L = 30 pF 
JL (see Note A) 



LOAD CIRCUIT 
|*-<5ns — *j |4-<5ns 



J 90% 90%\ |" 
..5V «v\ 

N ^ t PZL 



.Test 
Point 



3V 



10% 



Output 



-+M PZL| 

I I 
| tPLZ H* 

5 V 



0V 



3V 

0V 
VOH 

vol 

VOH 

vol 



From Output 
Under Test 



Cl = 30 pF >p, 
(see Note A) 



. Test 

Point 
R L = 180a 



LOAD CIRCUIT 



—►I k-<5ns — *| |4-<5ns 



Input 



Output 



l J r 90% 5o%Vl 
1 J/1.5V 1.5 V\l 

10%/ 1 | \10% 



3V 



• ov 



tpHZ 



L5V 



VOH 



V 0 ff = OV 



VOLTAGE WAVEFORMS 

Figure 14. tpzH and tpHZ 



Test 
Point 



5 V 



From Output m 
Under Test _jZ 



RL = 400Q 

► I H ► ! 



C|_ = 30 pF 
~±r (see Note A) 



See Note B 
LOAD CIRCUIT 



-*i |4-<5ns -►] k-<5ns 



B Input 
(see Note ( 



I /55% 90%V1 
C > /50% 50%\l 
10%/j l \ 10% 



See Note C 



V off = 5V 



Output 



f vol 



tpHL -*j t P LH 
N ^1.5V y /lJSV 



V H 

vl 

VOH 

vol 



VOLTAGE WAVEFORMS 



Figure 15. tpz L andtpLz 
('118 and '119 receivers only) 



VOLTAGE WAVEFORMS 

Figure 16. t PL H and t PHL (receivers only) 



NOTES: A. Cl includes probe and jig capacitance. 

B. All diodes are 1 N3064 or equivalent. 

C. For'116andSN75118,VH = 3V, VL = - 3 V, the A input is at 0 V. 
For SN751 1 7 and SN751 1 9, Vh = 3 V, Vl = 0, the A input is at 1 .5 V. 

D. When testing the '116 and SN751 1 8 receiver sections, the response-time control and the termination resistor pins are left open. 
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N8T13, N8T23, SN75123 
DUAL LINE DRIVERS 



SLLS086B - SEPTEMBER 1973 - REVISED MAY 1995 



Meet or Exceed the Requirements of IBM™ 
System 360 Input/Output Interface 
Specification 

Operate From Single 5-V Supply 

TTL Compatible 

3.11-V Output at Iqh = -59.3 mA 

Uncommitted Emitter-Follower Output 

Structure for Party-Line Operation 

Short-Circuit Protection 

AND-OR Logic Configuration 

Designed for Use With Triple Line Receiver 
SN75124 

Designed to Be Interchangeable With 
Signetics N8T13 and N8T23 



description 



The N8T13, N8T23, and SN75123 are dual line 
drivers specifically designed to meet the input/ 
output interface specifications for IBM System 
360. It is also compatible with standard-TTL logic 
and supply-voltage levels. 

The N8T13, N8T23, and SN75123 
low-impedance emitter-follower outputs drive 
terminated lines such as coaxial cable or twisted 
pair. Having the outputs uncommitted allows 
wired-OR logic to be performed in party-line 
applications. Output short-circuit protection is 
provided by an internal clamping network that 
turns on when the output voltage drops below 
approximately 1.5 V. All the inputs are in 
conventional TTL configuration, and the gating 
can be used during power-up and power-down 
sequences to ensure that no noise is introduced to 
the line. 

The N8T13, N8T23, and SN75123 are 
characterized for operation from 0°C to 70°C. 



D OR N PACKAGE 
(TOP VIEW) 




FUNCTION TABLE 


INPUTS 


OUTPUT 
Y 


A B C D E F 


H H H H X X 


H 


X X X X H H 


H 


All other input combinations 


L 


H * high level, L = low level, X 


- irrelevant 



logic symbolt 



1A 
1B 
1C 
1D 
1E 



1F © 
2A JO- 
2B -ll 1 
2C J2 
2D -15- 
2E 

2F JUi- 



& 


> 1> 








— ^1Y 


& 








£ 2Y 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 



logic diagram (positive logic) 




THE SN751730 IS RECOMMENDED 
FOR NEW IBM 360/370 INTERFACE DESIGNS. 



IBM is a trademark of International Business Machines Corp. 



PRODUCTION DATA Information Is current as of publication data. m m Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W arn 

standard warranty. Production processing does not necessarily Include im'B *TV*-«#-a 

testing of all parameters. r w yf 1EXAS 
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N8T13,N8T23, SN75123 
DUAL LINE DRIVERS 



SLLS086B - SEPTEMBER 1973 - REVISED MAY 1995 



schematic (each driver) 

16 



vcc 



ToOther 
Line Driver 



kQ 



1,10 



2,11 



3,12 



4,13 



5,14 



6,15 



QND 



8 



ii AAA 




4kQ 



360 CI 



< 



To Other 
Line Driver 

Resistor values shown are nominal. 



< 



15 a 



7,9 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc ( see Note 1) ••• • • • — ■ • • • — 7 V 

Input voltage, V| , . 5.5 V 

Output voltage, Vq — . v . 7 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): D package — 950 mW 

N package . . . 1150 mW 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. For operation above 25°G free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C and the N package 
to 736 mW at 70°G at the rate of 9.2 mW/°C. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V|H 


2 


V 


Low-level input voltage, V|j_ 


0.8 


V 


High-level output current, Ioh 


-100 


mA 


Operating free-air temperature, T/\ 


0 70 


°C 
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N8T13, N8T23, SN75123 
DUAL LINE DRIVERS 



SLLS066B - SEPTEMBER 1 973 - REVISED MAY 1 995 



electrical characteristics, Vqc = 4.75 V to 5.25 V, = 0°C to 70°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


V|K 


Input clamp voltage 


VCC-5V, 


l|«-12mA 




-1.5 


V 


V|(BR) 


Input breakdown voltage 


Vcc = 5V, 


l| = 10 mA 




5.5 


V 


VOH 


High-level output voltage 


Vcc = 5V, 


V, H = 2V, 


T A = 25°C 


3.11 


V 


Iqh = - 59.3 mA, 


See Note 3 


Ta = 0°C to 70°C 


2.9 


vol 


Low-level output voltage 


V|L = 0.8V, 


lOL - -240 nA, 


See Note 3 


0.15 


V 


•oh 


High-level output current 


VCC-5V, 
Ta = 25°C, 


V| H = 4.5 V, 
See Note 3 


V 0 H = 2V, 


-100 


-250 


mA 


'O(off) 


Off-state output current 


vcc = o. 


Vq = 3V 




40 


MA 


«IH 


High-level input current 


V| = 4.5V 


40 


ma 


IlL 


Low-level input current 


V| = 0.4 V 


-0.1 


-1.6 


mA 


•os 


Short-circuit output currentt 


V C C = 5V, 


Ta = 25°C 




-30 


mA 


«CCH 


Supply current, outputs high 


V C C = 5.25 V, 


All inputs at 2 V, 


Outputs open 


28 


mA 


«CCL 


Supply current, outputs low 


Vqc - 5.25 V, 


All inputs at 0.8 V, 


Outputs open 


60 


mA 



t Not more than one output should be shorted at a time. 



NOTE 3: The output voltage and current limits are valid for any appropriate combination of high and low inputs specified by the function table for 
the desired output. 



switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


R L = 


50 a 


Cl= 15 pF, See Figure 1 


12 


20 


ns 


tPHL 


Propagation delay time, high- to low-level output 


12 


20 


tPLH 


Propagation delay time, low- to high-level output 


R L = 


50 Q, 


Cl - 100 pF, See Figure 1 


20 


35 


ns 


tPHL 


Propagation delay time, high- to low-level output 


15 


25 



PARAMETER MEASUREMENT INFORMATION 




-H H-<5ns -*l |4-<5ns 



1 90% 90%\ \ 
input /1.5 V 1.5 V\ 

10%/ ' \.10% 



3V 



- Output 



||rL = 50Q J 

_ Jf T Cl 

T 1 4 (see Note B) 



tPLH -H- 



0V 



H *h tPHL 

^ V 0H 



Output 



/1.5V 1.5V\ 



vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zo = 50 Cl; t w = 200 ns, duty cycle = 50%. 
B. Cj_ Includes probe and jig capacitance. 

Figure 1. Test Circuit and Voltage Waveforms 
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N8T13, N8T23, SN75123 
DUAL LINE DRIVERS 



SLLSQ86B- SEPTEMBER 1973 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



I -200 



V C C = 5V 

All inputs at 2 V 








'A = « 

































































0 1 1 1 1 — I 1 

0 1 2 3 4 5 

Vq- Output Voltage -V 



Figure 2 



APPLICATION INFORMATION 




| 1 1/3SN75124 

Figure 3. Unbalanced Line Communication Using '13, '23, and '124 
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SN75124 
TRIPLE LINE RECEIVER 



SLLS058B - SEPTEMBER 1973 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
IBM™ System 360 Input/Output Interface 
Specification 

Operates From Single 5-V Supply 
TTL Compatible 

Built-in Input Threshold Hysteresis 
High Speed . . . Typical Propagation Delay 
Time = 20 ns 

Independent Channel Strobes 
Input Gating Increases Application 
Flexibility 

Designed for Use With Dual Line Driver 
SN75123 

Designed to Be Interchangeable With 
Signetics N8T24 



D OR N PACKAGE 
(TOP VIEW) 



1A[ 
1B[ 
2R[ 
2S[ 
2A 
2B[ 
2Y 
GND 



]V C C 
]1S 
]1R 
]1Y 

3A 
3S 
3R 
3Y 



description 



The SN751 24 triple line receiver is specifically designed to meet the input/output interface specifications for IBM 
System 360. It is also compatible with standard TTL logic and supply voltage levels. 

The SN75124 has receiver inputs with built-in hysteresis to provide increased noise margin for single-ended 
systems. An open line affects the receiver input as does a low-level input voltage, and the receiver input can 
withstand a level of -0.1 5 V with power on or off. The other inputs are in TTL configuration. The S input must 
be high to enable the receiver input. Two of the line receivers have A and B inputs that, if both are high, hold 
the output low. The third receiver has only an A input that, if high, holds the output low. 

See the SN751 730 for new IBM 360/370 interface designs. 

The SN751 24 is characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 



INPUTS 


OUTPUT 


A 


Bt 


R 


s 


Y 


H 


H 


X 


X 


L 


X 


X 


L 


H 


L 


L 


X 


H 


X 


H 


L 


X 


X 


L 


H 


X 


L 


H 


X 


H 


X 


L 


X 


L 


H 



t B input and last two lines of the function table are 
applicable to receivers 1 and 2 only 



IBM is a trademark of International Business Machines Corp. 



PRODUCTION DATA Information is current as of publication data. — . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments wSm 

standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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SN75124 

TRIPLE LINE RECEIVER 



SLLS058B- SEPTEMBER 1973- REVISED MAY 1995 



logic symbolt 



logic diagram 



1R 14 rs 



1S 
1A - 
1B - 
2R - 
2S - 
2A • 
2B • 



15 



3S • 



3A ■ 



12 



>1 



>1 



13 



1Y 



2Y 



3Y 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 




schematic (each receiver) 

16 



v cc - 

To Other 
Receivers 



n 14,3,10 



GND- 
To Other 
Receivers 



7J 



£ 



4 



V ... 



Vcc bus 



$ B input is provided on receivers 1 and 2 only 
Resistor values shown are nominal. 



ft 



4 kQ $ I 800 Q 



Itl 



J 



s 



«,4 F 11 



4kQ 



58 Q. 



13, 7,9 



m 



2-236 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75124 
TRIPLE LINE RECEIVER 



SLLS058B- SEPTEMBER 1973- REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Input voltage, V|: R input with Vcc applied 7 V 

R input with Vcc not applied 6 V 

A, B, or S input 5.5 V 

Output voltage, Vq 7 V 

Output current, Iq ±100 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, 7a 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values are with respect to network ground terminal 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V"m 


A, B, orS 


2 


V 


R 


1.7 


Low-level input voltage, V||_ 


A, B, or S 


0.8 


V 


R 


0.7 


High-level output current, Iqh 


-800 


HA 


Low-level output current, Iol 


16 


mA 


Operating free-air temperature, T A 


0 70 


°C 
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SN75124 

TRIPLE LINE RECEIVER 



SLLS058B - SEPTEMBER 1973 - REVISED MAY 1995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


v hys Hysteresis voltage (V|T + -V|j_) 


R 


Vcc = 5V, T A = 25°C 


0.2 6.5 


V 


V|k Input clamp voltage 


A, B, orS 


Vcc = 5V, l|-12mA 


-1.5 


V 


V|(BR) Input breakdown voltage 


A, B, orS 


Vcc = 5V, l| = 10mA 


5.5 


V 


v OH High-level output voltage 


\/n i — \/n imin \/n — \/n may 
IH "|H » IL V|LiilelA| 

lOH = ~ 800 MA, See Note 2 


2.6 


V 


Vql Low-level output voltage 


\/ii i _ \/|i_imin = Vii mav 
In "IH » IL IL" 

lOL^^mA, See Note 2 


0.4 


V 


l| Input current at maximum input voltage 


R 


V|»7V 


5 


mA 


V| = 6V, V C c = 0 


5 


l|H High-level input current 


A, B, or S 


V| = 4.5V 


40 


MA 


R 


V| = 3.11 V 


170 


|IL Low-level input current 


A, B, or S 


V| = 0.4 V, V|R « 0.8 V 


-0.1 -1.6 


mA 


l<DS Short-circuit output currentt 




-50 -100 


mA 


ICC Supply current 


All inputs = 0.8 V 


72 


mA 


Allinputs = 2V 


100 



t Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 2: The output voltage and current limits are characterized for any appropriate combination of high and low inputs specified by the function 



table for the desired output. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low-to-high-level output from R input 


See Figure 1 


20 30 


ns 


tpHL Propagation delay time, high-to-low-level output from R input 


20 30 
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SN75124 
TRIPLE LINE RECEIVER 

SLLS0586 - SEPTEMBER 1 973 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 



2.6 V 




■ <5 ns 




"90% 

,n P ut |/l.5V 

10% y i 



Output 



Output 



See Note B 



90% 
1 



H — < 5 ns 
_L 2.6V 



10% 



tPLH 



tPHL-T^" 



VOH 



1.5 V 

vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq « 50 Q, PRR < 5 MHz, duty cycle = 50%. 
B. C|_ includes probe and jig capacitance. 

Figure 1. Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 



> 

i 

o 

O) 

B 

2 

3 
& 

o 

I 

>° 



3.5 
3 

2.5 
2 

1.5 
1 

0.5 



RECEIVER 
OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



I I 

V CC = 5V 

. No Load 
















T A 


= 25* 


»C 






























































V|T 




r 


t 




































































0 0 


2 0. 


4 0 


6 0. 


8 


1 1. 


2 1 


4 1 


6 1 


8 



V|- Input Voltage -V 
Figure 2 
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SN75124 

TRIPLE LINE RECEIVER 



SLLS058B- SEPTEMBER 1973- REVISED MAY 1995 

APPLICATION INFORMATION 




Figure 3. Unbalanced Line Communication Using SN75123 and SN75124 
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SN75126 

QUADRUPLE LINE DRIVER 



SLLS060B - FEBRUARY 1990 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
IBM™ System 360/370 Input/Output 
Interface Specification GA22-6974-3 
Minimum Output Voltage of 3.11 V at 
Iqh = -59.3 mA 

Fault-Flag Circuit Output Signals Driver 
Output Fault 

Fault-Detection Current-Limit Circuit 
Minimizes Power Dissipation During a 
Fault Condition 
Dual Common Enable 
Individual Fault Flags 
Designed to Replace the MC3481 



description 



D OR N PACKAGE 
(TOP VIEW) 




FUNCTION TABLE 



INPUTS 


OUTPUTS 


G A 


Y F 


L X 
H H 
H H 


L H 
H H 
S L 



H = high level, 
L = low level, 
X = irrelevant, 
S = shorted to ground 



The SN75126 quadruple line driver is designed to 
meet the IBM 360/370 I/O specification A22-6974-3. 
The output voltage is 3.11V minimum (at 
Iqh = -59.3 mA) over the recommended ranges of 
supply voltage (4.5 V to 5.95 V) and temperature. 
Driver outputs use a fault-detection current-limit 
circuit to allow high drive current but still minimize 
power dissipation when the output is shorted to 
ground. The SN75126 is compatible with standard 
TTL logic and supply voltages. 

Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting an output fault 
condition, the fault-flag circuit forces the driver output into a low state and signals a fault condition by causing 
the fault-flag output to go low. 

The SN75126 can drive a 50-Q load or a 90-Q, load as used in many I/O systems. Optimum performance can 
be achieved when the device is used with either the SN75128 or SN75129 line receivers. Also, see the 
SN751 730 for new 360/370 interface designs. 

The SN751 26 is characterized for operation from 0°C to 70°C. 



IBM is a trademark of International Business Machines Corp. 
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SN75126 

QUADRUPLE LINE DRIVER 

SLLS060B- FEBRUARY 1990 - REVISED MAY 1995 



logic symbolt 

3 



1A 



1,2G - 



2A 



3A 



3, 4G 



11 



4A 



12 



13 



&> 1EN2 
G1 

2<? 



& > 3EN4 
G3 
4<? 



— 1F 



logic diagram (positive logic) 



10 



14 



1Y 
2F 

2Y 
3F 

3Y 
4F 



1A : 
1,2G- 



2A ■ 



O 



3A 
3, 4G 



11 



12 



^-4Y 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 



schematics of inputs and outputs 



4A 



13 



o 



10 



14 



15 



. 1F 
1Y 

• 2F 
•2Y 

3F 
3Y 

4F 
4Y 



EQUIVALENT OF EACH INPUT 



vcc 



Input - 



GND 



R(eq) 



A Inputs: R(eq) - 20 NOM 
G Inputs: R(eq) - 10 kQ NOM 
R (eq) = equivalent resistor 



TYPICAL OF ALL Y OUTPUTS 

T ? — v cc 



20 kQ NOM 



I 



Y Output 



GND 



TYPICAL OF F OUTPUTS 

vcc 




« ►— F Output 



GND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc •■■ 7 V 

Input voltage, V| 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg - 65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


Supply voltage, Vqc 


4.5 


5 


5.95 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, Iqh 


-59.3 


mA 


Operating free-air temperature, Ta 


0 




70 


°C 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


V|K 


Input clamp voltage 


A,G 


VCC = 4.5V, 


l| =-18mA 






-1.5 


V 






Y 


V C C = 4.5V, 


Iqh = -59.3 mA, 


V|H = 2V 




3.11 




VOH 


High-level output voltage 


Y 


VCC = 5-25V, 


Iqh =-41 mA, 


V| H = 2V 




3.9 


V 






F 


V C C = 4.5V, 


lOH = -400 \iA, 


V| H = 2V 




2.5 








Y 


V C C = 5.5V, 


l O L = -240 nA, 


V|L = 0.8 V 




0.15 




vol 


Low-level output voltage 


Y 


VqC = 5-95 V, 


IOL = ~1 mA » 


V| L = 0.8 V 




0.15 


V 


F 


VCC = 4-5V, 
V| H = 2V 


lOL = 8 mA » 


YatOV, 




0.5 




'O(off) 


Off-state output current 


Y 


V C C = 4.5V, 


V| = 0, 


Vo = 3.11 V 




100 


HA 


Y 


vcc = o. 


V| = 0, 


Vo = 3.11 V 




200 


ll 


Input current 


A 


Vcc = 4.5V, 


V| = 5.5 V 






100 


HA 


G 






200 


l|H 


High-level input current 


A 


VCC = 4.5V, 


V| = 2.7 V 






20 


MA 


G 






40 


"IL 


Low-level input current 


A 


VQC = 5.95 V, 


V| = 0.4 V 






-250 


HA 


G 






-500 






Y 


V C C = 5.5V, 


v 0 = o, 


V| H = 2.7 V 




-5 




'OS 


Short-circuit output current 


F 


V C C = 5.5V, 


v 0 = o 






-15 


-100 


mA 


Y 


VQC - 5.95 V, 


vo = o, 


V|H = 2.7V 




-5 






F 


Vcc = 5.95 V, 


v 0 = o 






-15 


-110 




•CCH 


Supply current, all outputs high 




V C C = 5.5V, 


No load, 


V|H = 2V 




70 


mA 




V C C = 5.95 V, 


No load, 


V| H = 2V 




80 


'CCL 


Supply current, Y outputs low 




V C C = 5.5V, 


No load, 


V| L = 0.8 V 




55 


mA 




Vqc = 5.95 V, 


No load, 


V| L = 0.8V 




70 
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switching characteristics at = 25°C 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


*PLH Propagation delay time, low- to high-level output 


A 


Y 


Vqc = 4 - 5 v t0 5 - 5 v » 
RL = 50 Q, 
Cl = 50 pF, 
VOH(ref) = 3.11 V, 
See Figures 1 and 2 


40 


ns 


tpHL Propagation delay time, high- to low-level output 


37 


ns 


|£t£J Ratio of propagation delay times 


0.3 3 




tPLH Propagation delay time, low- to high-level output 


A 


Y 


Vqc * 5-25 V to 5.95 V, 
RL = 90Q, 
C|_ = 50pF, 
VOH(ref) = 3.9V, 
See Figures 1 and 2 


45 


ns 


tPHL Propagation delay time, high- to low-level output 


45 


ns 


tPLH Propagation delay time, low- to high-level output 


A 


F 


Vcc = 5V, 
C|_=15pF, 
RL = 2 kQ, 
See Figures 1 and 2 


60 


ns 


tPHL Propagation delay time, high- to low-level output 


100 


ns 



PARAMETER MEASUREMENT INFORMATION 



tr-H k- 



A Input 



Y Output 



F Output 




Normal Operation 



Driver Short-Circuit 
Operation 



NOTE: The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 6 ns, tf <, 6 ns, 
Zq « 50 Q. 

Figure 1 . Input and Output Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



5V 



Y Output - 



C L = 50 pF 
(see Note A) 



F Output - 



1 Close for 
Testing F 



H4- 



; R L =2kfl 



► 1 H M 



CL = 15pF 
(see Note A) 



NOTE A: C|_ includes probe and stray capacitance. 

Figure 2. Switching Characteristics Load Circuits 
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■ • Meets or Exceeds the Requirements of 
I IBM™ System 360/370 Input/Output 
I Specification 

I • Input Resistance . . . 7 kQ to 20 kQ 
J • Output Compatible With TTL 

• Schottky-Clamped Transistors 

• Operates From a Single 5-V Supply 

• High Speed . . . Low Propagation Delay 

• Ratio Specification . . . tp|_n /tpHL 

• Common Strobe for Each Group of Four 
Receivers 

• SN75128 . . . Active-High Strobes 
SN751 29 . . . Active-Low Strobes 



SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 

SLLS076B - JANUARY 1977 - REVISED MAY 1995 



N PACKAGE 
(TOP VIEW) 



1 S/1 st [ 


— ct 

1 


20 


1 W 

J Vcc 


1A[ 


2 


19 


]1Y 


2A[ 


3 


18 


]2Y 


3A[ 


4 


17 


] 3Y 


4A[ 


5 


16 


]4Y 


5A[ 


6 


15 


]5Y 


6A[ 




14 


] 6Y 


7A[ 


8 


13 


]7Y 


8A[ 


9 


12 


] 8Y 


gnd[ 


10 


11 


] 2S/2St 



t S and S for SN75128 and SN75129, respectively 



description 



The SN75128 and SN75129 are eight-channel line receivers designed to satisfy the requirements of the 
input-output interface specification for IBM 360/370. Both devices feature common strobes for each group of 
four devices. The SN75128 has active-high strobes; the SN75129 has active-low strobes. Special low-power 
design and Schottky-diode-clamped transistors allow low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. 

For new IBM 360/370 interface designs, see the SN751 730. 

The SN751 28 and SN751 29 are characterized for operation from 0°C to 70°C. 



logic symbolst 



1S 
2S 

1A 
2 A 
3A 
4A 
5A 
6A 
7A 
8A 



11 



SN75128 



EN1 
EN2 



19 





18 


s 


17 


s 


16 




15 




V, . 


13 


s 


12 



1Y 
2Y 
3Y 
4Y 
5Y 
6Y 
7Y 
8Y 



1S 
2S 

1A 
2A 
3A 
4A 
5A 
6A 
7A 
8A 



11 



SN75129 



EN1 
EN2 

3 







18 


s. 


17 




16 




15 


s 


14 




13 




12 



1Y 
2Y 
3Y 
4Y 
5Y 
6Y 
7Y 
8Y 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



IBM is a trademark of International Business Machines Corp. 



PRODUCTION DATA Information is current as of publication date. m. Copyright© 1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments m Sm 

standard warranty. Production processing does not necessarily Include vf'4P Itva 

testing of all parameters. j\t IE/CAS 
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logic diagrams (positive logic) 

SN75128 

1S -4>1 

4A^-[> 



1Y 



2Y 



3Y 



4Y 




SN75129 




schematic (each driver) 



A 

Input" 



12 kQ 
NOM 



Input 



< 150 Q< 

NOM f 



vcc 




To Three s - 

Other 
Channels 



To Seven 
Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Input voltage range, V| (A) -0.1 5 V to 7 V 

Input voltage, Vj (S) 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds . 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.5 5 5.5 


V 


High-level input voltage, Vih 


A 


1.7 


v 


s 


2 


Low-level input voltage, V||_ 


A 


0.7 


V 


S 


0.7 


High-level output current, Ioh 


-0.4 


mA 


Low-level output current, Iol 


16 


mA 


Operating free-air temperature, Ta 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Voh High-level output voltage 


Vcc - 4.5 V, V|L = 0.7V, Ioh = -0.4 mA 


2.4 3.1 


V 


Vql Low-level output voltage 


Vcc = 4.5 V, V|H = 1 .7 V, lOL = 16 mA 


0.4 0.5 


V 


V|k Input clamp voltage 


S 


Vcc = 4.5 V, l| = -18mA 


-1.5 


V 


l|H High-level input current 


A 


Vcc = 5.5 V, V| = 3.11V 


0.3 0.42 


mA 


S 


Vcc - 5.5 V, V| = 2.7V 


20 


MA 


I IL Low-levef input current 


A 


Vcc - 5.5 V, V| = 0.15 V 


30 


ma 


S 


Vcc - 5.5 V, V| = 0.4 V 


-0.4 


mA 


lOS Short-circuit output current* 


Vcc = 5.5 V, Vo = 0 


-18 -60 


mA 


r\ Input resistance 


Vcc = 4.5 V, 0 V or open, AV| = 0.1 5 V to 4.1 5 V 


7 20 


kQ 


ICC Supply current 


SN75128 


Vcc = 5.5 V, Strobe at 2.4 V, All A inputs at 0.7 V 


19 31 


mA 


SN75129 


Vcc - 5.5 V, Strobe at 0.4 V, All A inputs at 0.7 V 


19 31 


SN75128 


Vcc = 5.5 V, Strobe at 2.4 V, All A inputs at 4 V 


32 53 


SN75129 


Vcc - 5.5 V, Strobe at 0.4 V, All A inputs at 4 V 


32 53 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

* Not more than one output should be shorted at a time. 
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switching characteristics, V cc = 5 V, = 25°C 



PARAMETER 


FROM 


TEST 


SN75128 


SN75129 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


tPLH 


Propagation delay time, low-to-high-level output 


A 




7 


14 


25 


7 


14 


25 


ns 


tPHL 


Propagation delay time, high-to-low-level output 




10 


18 


30 


10 


18 


30 


ns 


tPLH 


Propagation delay time, low-to-high-level output 


S 


R|_ = 400 Q, 
Cl-50 pF, 
See Figure 1 




26 


40 




20 


35 


ns 


tPHL 


Propagation delay time, high-to-low-level output 




22 


35 




16 


30 


ns 


tPLH 
tPHL 


Ratio of propagation delay times 


A 


0.5 


0.8 


1.3 


0.5 


0.8 


1.3 




*TLH 


Transition time, low-to-high-level output 






1 


7 


12 


1 


7 


12 


ns 


*THL 


Transition time, high-to-low-level output 






1 


3 


12 


1 


3 


12 


ns 



PARAMETER MEASUREMENT INFORMATION 

90% 



Output Vcc 



Input 
(see Notes v re fi 
A, D, and E) 



From Output m 
Under Test T 



'400 ft 




x-r^ 50 pF 

4r (see Note B) 



►I ►! ► 

See Note C 



Output 



LOAD CIRCUIT 



-*| | |«-10ns 10 ns 
l « H tpHL 



VOH 




VOLTAGE WAVEFORMS 



NOTES: A. Input pulses are supplied by a generator having the following characteristics: Zo - 50 Q, PRR < 5 MHz. 

B. includes probe and jig capacitance 

C. All diodes are 1 N3064 or equivalent. 

D. The strobe inputs of SN751 29 are in phase with the output. 

E. V re f-| m 0.7 V and V re f2 - 1 .7 V for testing data (A) inputs, V re f 1 * V re f2 » 1 .3 V for strobe inputs. 

Figure 1. Load Circuit and Voltage Waveforms 
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> 



o 

I 

>° 



TYPICAL CHARACTERISTICS 

VOLTAGE TRANSFER CHARACTERISTICS 











1 


f 




\ = 70 


°C 






























T 


\ = 2 


5°C 
















► 








= 0° 


r» 














V 

rs 


cc = 

lo Lo 


5V 
ad 



















0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
V|- Input Voltage -V 

Figure 2 



> 

3 



O 

l 

>° 



VOLTAGE TRANSFER CHARACTERISTICS 
FROM A INPUTS 





Vcc = 5.5 V 














V CC = 5V 
















V C C = 4.5 V 






















































































N 
T 

I 


o Lot 
A = 2 

L J 


id 

5°C 

I 























0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
V|- Input Voltage -V 

Figure 3 
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Meets or Exceeds the Requirements of IBM 
360/370 Input/Output Interface 
Specification GA22-6974-3 
Minimum Output Voltage of 3.11 V 
at Iqh = -59.3 mA 

Fault-Flag Circuit Output Signals Driver 
Output Fault 

Fault-Detection Current-Limit Circuit 
Minimizes Power Dissipation During a 
Fault Condition 

Common Enable and Common Fault Flag 
Designed to Be an Improved Replacement 
for the MC3485 



description 



The SN75130 quadruple line driver is designed to 
meet the IBM 360/370 I/O specification 
GA22-6974-3. The output voltage is 3.11 V 
minimum (at Iqh = -59.3 mA) over the 
recommended ranges of supply voltage (4.5 V to 
5.95 V) and temperature (0°C to 70°C). Driver 
outputs use a fault-detection current-limit circuit to 



D OR N PACKAGE 
(TOP VIEW) 




FUNCTION TABLE, EACH DRIVER 



INPUTS 


OUTPUTS 


Gt A 


Y F W 


L X 
X L 
H H 
H H 


L H H 
L H H 
H H L 
S L H 



H - high level, L = low level, X = irrelevant, 
S = shorted to ground 

t G and F are common to the four drivers. If any of the 
four Y outputs is shorted, the fault flag will respond. 



allow high drive current but still minimize power dissipation when the output is shorted to ground. The SN751 30 
is compatible with standard TTL logic and supply voltages. 

Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting an output fault 
condition, the fault-flag circuit forces the driver output into the off (low) state and signals a fault condition by 
causing the fault-flag output to go low. 

The SN75130 can drive a 5Q-Q load or a 90-Q load as used in many I/O systems. Optimum performance can 
be achieved when the device is used with either the SN751 28 or SN751 29 line receiver. Also, see the SN751 730 
for new 360/370 interface designs. 

The SN75130 is characterized for operation from 0°C to 70°C. 



production DATA Information Is current as of publication date. — Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments m Sm 

standard warranty. Production processing does not necessarily include ^Hf'# Tr^v a <■» 

testing of all parameters. w \jT 1EXAS 
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logic symbolt logic diagram (positive logic) 




I — 4W 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I fcC Publication 617-12. 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



vcc 



Input 



GND 




A Inputs: R (eq ) - 20 kQ NOM 
G Inputs: R(eq) - 10 k£2 NOM 
R(eq) = equivalent resistor 



TYPICAL OF ALL Y OUTPUTS 



— V CC 
20 kn NOM 



Y Output 



tX 

_4 ^ 4 GND 



TYPICAL OF ALL W OUTPUTS 
V C C 




TYPICAL OF F OUTPUT 

V CC 



W Output 



GND 



F Output 



GND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vqc ■ 7V 

Input voltage, V| 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE Ta = 25 6 C 


Ta = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.95 


V 


High-level input voltage, V|H 


2 


V 


Low-level input voltage, V|L 


0.8 


v 


High-level output current, Ioh 


-59.3 


mA 


Operating free-air temperature, Ta 


0 70 


°C 



electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|k Input clamp voltage 


A,G 


1. -| O m A 

1 1 — — 1 O ITIM 


— I .O 


y 


v OH High-level output voltage 


Y 


V/^o - 4 R V lr\i_i ? mA Viu - P V 


3.11 


v 


Y 


Vm = 5.25 V, Ioh = -41mA, Vih = 2V 


3.9 


W 


Vqc = 4.5 V, Ioh=-400|jA, V|h = 2V 


2.5 


Vol Low-level output voltage 


Y 


Vcc = 5.5 V, IoL = "240mA, V| L = 0.8V 


0.15 


V 


Y 


Vcc = 5.95 V, loL = -1 mA, V|L = 0.8 V 


0.15 


F 


Vcc = 4 -5V, loL = 8mA, YatOV 


0.5 


W 


Vcc - 4.5 V, loL = 8mA 


0.5 


lO(off) Off-state output current 


Y 


Vcc - 4.5 V, V|L = 0, Vq = 3.11V 


100 


ma 


Y 


VcC = 0, V|L = 0, Vn = 3.11V 


200 


'OH High-level output current 


F 


Vcc = 5.95 V, Voh = 5.95 V 


100 


ma 


1 1 Input current 


A 


Vcc - 4.5 V, V|H = 5.5V 


100 


HA 


G 


400 


1 1 h High-level input current 


A 


VCC = 4-5 V, V| H = 2.7 V 


20 


ma 


G 


80 


l|L Low-level input current 


A 


Vcc = 5.95 V, V| L = 0.4V 


250 


ma 


G 


-1000 


Iqs Short-circuit output current 


Y 


Vcc = 5.5 V, Vq = 0 


-5 


W 


-15 -100 


mA 


Y 


V C C = 5.95 V, Vq = 0 


-5 


W 


-15 -110 


'CCH Supply current, all outputs high 


Vcc = 5.5 V, V| = 2V 


75 


mA 


Vcc = 5.95 V, V| = 2V 


85 


'CCL Supply current, Y outputs low 


Vcc = 5.5 V, V| = 0.8V 


55 


mA 


V C C = 5.95 V, V| = 0.8V 


70 
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switching characteristics over recommended operating free-air temperature range 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MINI IIAV 


1 IMIT* 

UNIT 


*PLH 


Propagation delay time, 
low- to high-level output 






Vcc* 4.5 V to 5.5 V, 
Ci m 50 nF 
Input f = 1 MHz, 


VOH(ref)- 3.11V, 

Rl m 50 CI 

See Figures 1 and 2 




ns 


tPHL 


Propagation delay time, 
high- to low-level output 


A 


Y 


Of 


ns 


tPLH 
tPHL 


Ratio of propagation 
delay times 






0.3 3 




tPLH 


Propagation delay time, 
low- to high-level output 


A 


Y 


Vcc- 5.25 V to 5.59 V, 
C|_«50 pF, 
lnputf»5MHz, 


VOH(ref)«3.9V, 

Rl - 90 a, 

See Figures 1 and 2 


45 


ns 


tPHL 


Propagation delay time, 
high- to low-level output 






45 


ns 


tPLH 


Propagation delay time, 
low- to high-level output 


A 


W 


V C C = 5V, 


R(_ = 2 ka, 


45 


ns 


tPHL 


Propagation delay time, 
high- to low-level output 


CL=15pF, 


See Figures 1 and 2 


28 


ns 


tPLH 


Propagation delay time, 
low- to high-level output 


A 


F 


V C C = 5V, 


RL-2ka 


60 


ns 


tPHL 


Propagation delay time, 
high- to low-level output 






CL*15pF, 


See Figures 1 and 2 


100 


ns 



PARAMETER MEASUREMENT INFORMATION 



A Input 
(see Note A) 



Y Output 



W Output 



F Output 



I ! 



f 90% 90% 
1.3 V 1.3 V 



10%. 



4.0 V 



tPLH -f— H 



^V 0H (ref)| \^ 



VOH 



0.8 V 



* vol 



tPHL 



A I, 



1.3 V 



VjE 



VOH 

vol 

5.0 
0.4 



Normal 
Operation 



Driver 

Short-Circuit 
Operation 



NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR « 1 MHz, duty cycle » 50%, t r < 6 ns, tf £ 6 ns, 
Zo - 50 a 

Figure 1 . Input and Output Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

5V 



2k£2 



w output — • W + — ► ! ► ! ►! 



CL = 15pF 
(see Note A) 



Y Output 



> q -L C L = 50pF 

RL ^ (see Note A) 



Close for 
o \ Testing F 



5V 



F Output - 



-J- C L = 15pF 
(see Note A) 



NOTE A: Cl includes probe and stray capacitance. 

Figure 2. Switching Characteristics Load Circuits 
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Single 5-V Supply 

High-Input-Impedance, High-Threshold 
Receivers 

Common Driver Strobe 

TTL-Compatible Driver and Strobe Inputs 

With Clamp Diodes 

High-Speed Operation 

100-mA Open-Collector Driver Outputs 

Four Independent Channels 

TTL-Compatible Receiver Output 



description 



SN55138 ... J OR W PACKAGE 
SN75138 . . . D OR N PACKAGE 
(TOP VIEW) 




SN551 38.. . FK PACKAGE 
(TOP VIEW) 

G o 

CD Z O O (2 



J uuuuu 

... 3 2 1 20 19 h, d 
1R j 4 18Q4R 

1D ] 5 

NC ]6 

2D ]7 

2R ]8 



9 10 11 12 13 

nnnnn 



17[ 4D 
16[ NC 
15[ S 
14[ 3D 



The SN55138 and SN75138 quadruple bus 
transceivers are designed for two-way data 
communication over single-ended transmission 
lines. Each of the four identical channels consists 
of a driver with TTL inputs and a receiver with 
a TTL output. The driver open-collector output 
is designed to handle loads up to 100-mA open 
collector. The receiver input is internally 
connected to the driver output, and has a high 
impedance to minimize loading of the 
transmission line. Because of the high driver- 
output current and the high receiver-input 
impedance, a very large number (typically 
hundreds) of transceivers may be connected to a 
single data bus. 

The receiver design also features a threshold of 2.3 V (typical), providing a wider noise margin than would be 
possible with a receiver having the usual TTL threshold. A strobe turns off all drivers (high impedance) but does 
not affect receiver operation. These circuits are designed for operation from a single 5-V supply and include a 
provision to minimize loading of the data bus when the power-supply voltage is zero. 

The SN55138 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
SN751 38 is characterized for operation from 0°C to 70°C. 



m q o m oc 

CM Z Z w « 

o 

NC - No internal connection 



Function Tables 



TRANSMITTING 



INPUTS 


OUTPUTS 


S D 


B R 


L H 
L L 


L H 
H L 



RECEIVING 



INPUTS 


OUTPUT 


S 


B 


D 


R 


H 


H 


X 


L 


H 


L 


X 


H 



H m high level, L = low level, X = irrelevant 
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logic symbolt 



EN2 



1° 
1R 
2D 
2R 
3D 
3R 
4D 
4R 



4 


> 2^ 


^— < 






A 




V 1 


5 










7 






A 


I 


11 












i-i 


10^_ 








13 





























1B 



2B 



3B 



4B 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 61 7-1 2. 
Pin numbers shown are for D, J, N, and W packages. 



logic diagram (positive logic) 



1D 
1R 



2D 
2R 



3D 
3R 



11 



10 



4D 
4R 



13 



14 



3D> 



2B 



-3B 



4B 



schematics of inputs and outputs 



EQUIVALENT OF EACH 
STROBE AND DRIVER INPUT 



v C c 

Input 




4 kQ NOM 



777 



EQUIVALENT OF 
EACH RECEIVER INPUT 



vcc 



Input 




2k£2NOM 



TYPICAL OF ALL 
DRIVER OUTPUTS 



Output 



TYPICAL OF ALL 
RECEIVER OUTPUTS 

vcc 

130 Q NOM 



Output 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 





SN55138 


SN75138 


UNIT 


Supply voltage, Vcc (see Note 1) 


7 


7 


V 


Input voltage, V| 


5.5 


5.5 


V 


Driver off-state output voltage 


7 


7 


V 


Low-level output current into the driver output 


150 


150 


mA 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0to70 


°C 


Storage temperature range, T stg 


-65 to 125 


-65 to 150 


°C 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds: D, N, or W package 




260 


°C 


Case temperature for 60 seconds, Tq: FK package 


260 




°C 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J package 


300 


300 


°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to both ground terminals connected together. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FKt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


Jt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000mW 


8.0 mW/°C 


640 mW 


200 mW 



t In the FK and J packages, the SN55138 chip is alloy mounted. 



recommended operating conditions 





SN55138 


SN75138 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5.5 


4.75 5 5.25 


V 


High-level input voltage, Vm 


Driver or strobe 


2 


2 


V 


Receiver 


3.2 


2.9 


Low-level input voltage, V|l 


Driver or strobe 


0.8 


0.8 


V 


Receiver 


1.5 


1.8 


High-level output current, Ioh 


Receiver output 


-400 


-400 


RA 


Low-level output current, Iql 


Driver output 


100 


100 


mA 


Receiver output 


16 


16 


Operating free-air temperature, Ta 


-55 125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55138 


SN75138 


UNIT 


MIN 


TYP* 


MAX 


MIN 


TYPt 


MAX 


V|K 


Input clamp 
voltage 


Driver or 
strobe 


Vqc = MIN > 


f I = —12 mA 


-1.5 


-1.5 


V 


v OH 


High-level 
ouipui von- 
age 


nscciver 


Vcc - MIN, 
V|L(R) = V|L max, 


V|H(S) = 2V, 
Iqh— 400 mA 


2.4 


3.5 




2.4 


3.5 




V 


vol 


Low-level 
output volt- 
age 


Driver 


_ MIN 
V| L (S)-0.8V, 


Viu/n\ =2 V 
V IH(D) - ^ v » 

Iql = 100 mA 


0.45 


0.45 


V 


Receiver 


V/s^ - MIN 
V|H(S) = 2V, 


Vilj/d\ = Viu min 
v ln(n) - v ln ,,I,M > 

Iql = 16 mA 


0.4 


0.4 


tj\l 1 IQA J 


Input current 

flt maximum 

Gil 1 1 IClAli 1 IUI 1 1 

input voltage 


Driver or 
strobe 


Vr>o - MAX 


v| - vcc 


1 


1 


mA 


llH 


High-level 


Driver or 

^trnhp 

Oil uuc 


Vcc = MAX, 


V| = 2.4 V 


40 


40 


ma 


input current 


Receiver 


VCC = 5V, 
V| (S ) = 2V 


V|(R) = 4.5V, 




25 


300 




25 


300 




Low-level 


Driver or 
strobe 


V C C = MAX, 


V| = 0.4V 




-1 


-1.6 




-1 


-1.6 


mA 


inm it /"M irrartt 

input uurroiu 


Receiver 


Vcc - MAX, 
V|( S )-2V 


V|(R) = 0.45 V, 


-50 


-50 


MA 


'l(off) 


Input current 
with power 
off 


Receiver 


v C c = o, 


V|=4.5V 




1.1 


1.5 




1.1 


1.5 


mA 


'OS 


Short-circuit 
output cur- 
rent§ 


Receiver 


V C C = MAX 


-20 




-55 


-18 




-55 


mA 




Supply cur- 
rent 


All driver 
outputs low 


Vcc = MAX, 
V|(S)-0.8V 


V|(D) = 2V, 




50 


65 




50 


65 




'cc 


All driver 

outputs 

high 


VCC - MAX, V| ( R) = 3.5V, 
V|(S) = 2V, 
Receiver outputs open 




42 


55 




42 


55 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. Parenthetical letters D, 

R, and S used with V| refer to the driver input, receiver input, and strobe input, respectively. 
$ All typical values are at Vcc = 5 V, Ta ■ 25°C. 
§ Not more than one output should be shorted at a time. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Driver 


Driver 






15 


24 


ns 


tPHL 


Cl = 50 pF, R|_ = 50 Q, 


See Figure 1 


14 


24 


tPLH 


Strobe 


Driver 


18 


28 


ns 


tPHL 






22 


32 


tPLH 


Receiver 


Receiver 


C|_=15pF Rl = 400Q, 


See Figure 2 


7 


15 


ns 


tPHL 


8 


15 



^tpLH - propagation delay time, low- to high-level output 
tpHL - propagation delay time, high- to low-level output 
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From Output 

Under Test _J_ 



PARAMETER MEASUREMENT INFORMATION 

vcc 



Test 

Point Vqc 



Test Point 



JL (see Note B) 



TEST CIRCUIT 



From Output —fo- 
under Test J 



►I W H 



J_ (see Note B) 



TEST CIRCUIT 



See Note C 



Driver 
Input 

See Note D .\ 1.5 V 

Strobe _/| 
Input | 

k ►) — tpLH 



Driver 
Output 



F 




VOLTAGE WAVEFORMS 

Figure 1. Propagation Delay Times 
From Data and Strobe Inputs 



Receiver 
Input 



~^^2.5V y^.5V 



Receiver 
Output 



4V 



OV 



-*htpLH 



-+Mphl 



F 



VI v OH 

1.5 V 

vol 



VOLTAGE WAVEFORMS 

Figure 2. Propagation Delay Times 
From Receiver Input 



NOTES: A. Input pulses are supplied by generators having the following characteristics: t w = 1 00 ns, PRR < 1 MHz, t r < 1 0 ns, tf < 1 0 ns, 
Zo » 50 a 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N91 6 or1N3064. 

D. When testing driver input (solid tine) strobe must be low; when testing strobe input (dashed line) driver input must be high. 
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TYPICAL CHARACTERISTlCSt 



DRIVER TRANSFER CHARACTERISTICS 



DRIVER TRANSFER CHARACTERISTICS 



> 5 

i 



1 4 



i ' 

a 
>°. 



Ta s 125°C 



V C C = 5V 

-V, (S ) = 0.8V 

Load s 50 Q to Vqc 



Ta = 25°C 



T A = -55°C 



1 2 3 

V|(D) - Driver Input Voltage - V 

Figure 3 



> 

i 



i 4 

3 

8- 

8 3 

1 

a 9 



V C G = 55'V 




1 

V|{S) = 0.8V 


V C C = 5V 




V C C = 4.5V 




Loads 


iOQtoVcc 





















































1 2 3 

V|(D) ~ Driver Input Voltage - V 

Figure 4 



STROBE-TO-DRIVER OUTPUT 
TRANSFER CHARACTERISTICS 



STROBE-TO-DRIVER OUTPUT 
TRANSFER CHARACTERISTICS 



> 5 



s 

•c 











T A = 126° 
















\r 




V = 25°C 












- V, (D) = 2 


f 
V 










Load s 5( 


)QtoVcc 










= -55°C 








I 



1 2 3 

V|(S) - Strobe Input Voltage - V 

Figure 5 



> 5 

k 

3 A 

§ 4 

a- 
I 

■c 

? 2 









Vqc = 5.5 V 






Vcc = 5V 








V CC = 4.! 


5V 
























V I(D) = J 
— T A = 25< 


IV 

>C 1 








Load si 


>0QtoVcc 


V CC = 5.5 


V 


-V CC 


= 4.5V 





1 2 3 

V|(S) - Strobe Input Voltage - V 

Figure 6 



t Data for temperatures below 0°C and above 70°C is applicable to SN551 38 circuits only. 



Texas 
Instruments 

2-264 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 



SLLS079B - SEPTEMBER 1973 - REVISED MAY 1995 



TYPICAL CHARACTERISTICSt 



RECEIVER TRANSFER CHARACTERISTICS 



> 

i 



O 
© 



I 




1 2 3 

V|(R) - Receiver Input Voltage - V 

Figure 7 



RECEIVER TRANSFER CHARACTERISTICS 




1 2 3 

V|(R) - Receiver input Voltage - V 

Figure 8 



8- 

3 

o 

? 

•f 

£ 

.s> 

X 

I 

X 

>° 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT (RECEIVER) 













vc 


;c = s 

R) = 0 


r - 

V 

8V 


^ T 


A = 12 
rT A = 


5°C 
:25°C 












t a = - 


-55°C 






































s 









0 5 10 15 20 25 30 35 40 
'OH(R) - High-Level Output Current - mA 

Figure 9 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT (RECEIVER) 



> 

i 

<D 



3 
& 



1 
1* 

S> 2 
if 
i 

x 

>° 1 













V| 


[R) = 0 
= 25° 


.8 V 
C 
























v C c 


= 5.5V 
















V 


cc = ' 


V 








C = 4. 


>v\ 











0 5 10 15 20 25 30 35 40 
'OH(R) - High-Level Output Current - mA 

Figure 10 



t Data for temperatures below 0°C and above 70°C is applicable to SN55138 circuits only. 
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TYPICAL CHARACTERISTICSt 



>° 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT (RECEIVER) 



1.2 



> 



Z 0.8 

3 

& 
3 

O 

i 

I 



0.6 



0.4 



0.2 



I 

V C C = 4.5V 
_ V.#m = 3.5V 














T A = - 


-55°C 
















■ 


r A = i25« 


c 














= 25°C 





























0 10 20 30 40 50 60 
'OUR) - Low-Level Output Current - mA 

Figure 11 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT (DRIVER) 



> 

i 

o 



5 

a- 

3 

o 

1 

■5 
o 



>° 



1.2 



0.8 



0.6 



0.4 



0.2 



vcc = 

V|(D) = 
"V|(S) = 


4.5 V 
2 V 




Ta = 


25°C 






0.8 V 


:-55°C 






1 










i 


^25°C 










/T A = 



























0 50 100 150 200 250 300 
'OL(D) - Low-Level Output Current - mA 

Figure 12 



RECEIVER INPUT CURRENT 
vs 

RECEIVER INPUT VOLTAGE 



3 
** 

3 

a. 
c 

I 



1.6 
1.4 
1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



vcc = 

- V, (S ) 


:5V 
= 2V - 














Ta = 125°C,2 


5°C 








t a = - 


55°C~W 


















































T A = ' 


25°C 


T A = 25 0 C,-55°C-+7 

1 I A 



1 2 3 4 5 

V|(R) - Receiver Input Voltage - V 

Figure 13 



< . 

£ 



RECEIVER INPUT CURRENT 
vs 

RECEIVER INPUT VOLTAGE 



1.6 
1.4 
1.2 
1 

0.8 
0.6 



> 0.4 



0.2 
0 



V|(S) = 
"T A = 2 


= 2V 
5°C — 




















































V C C = 


4.5 V - 












I > 
V C C = 5V 










vcc 


= 5.5V 




-» 












LL 







1 2 3 4 5 

V|(R) - Receiver Input Voltage - V 

Figure 14 



t Data for temperatures below 0°C and above 70°C is applicable to SN551 38 circuits only. 
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TYPICAL CHARACTERISTICSt 



SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
(ALL DRIVER OUTPUTS LOW) 



< 

E 



a 
o 



CO 

i 

8 



80 
70 
60 
50 
40 
30 
20 
10 
0 



V| (S ) = 0.8V 
Vi#m = 2V 












Drlv< 


3r Loa 


ds = 1 


k£2to5 V 














Ta = 25°C 




















^ = 12! 


5°C 
























J y 




5°C 







































2 3 4 5 6 
Vcc - Supply Voltage - V 

Figure 15 



SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 



< 
E 



CL 

a 

3 
CO 

o 
o 



80 
70 
60 
50 
40 
30 
20 
10 
0 



Ta = 25°C 
_V, (S ) = 0.8 
Driver Loa 
R Output C 


V 












ds = 1 kQ to 5 V 
)pen | | 












4 Driver In; 


tuts at 


2 V . 






2 Driver Inputs at 2 V, 
2 Driver Inputs at 0.8 V 


















4Driv 


er Inp 


Jtsat 


).8V 











































2 3 4 5 6 
Vcc - Supply Voltage - V 

Figure 16 



8 

E 



Q 



32 
28 
24 
20 
16 
12 
8 
4 
0 



PROPAGATION DELAY TIMES 
vs 

FREE-AIR TEMPERATURE 



VcU'v I I I I I | I 

Driver Load: C|_ = 50 pF, Rl = 50 12, See Figure 1 
Receiver Load: C|_ = 15 pF, R|_ = 400 Q, 
See Figure 2 

tpHL(S-D] 




-6 -40 -20 0 20 40 60 80 100 120 
Ta - Free-Air Temperature - °C 



140 



o 
o> 

(0 
CL 

2 

Q. 



30 



40 



PROPAGATION DELAY TIMES 
vs 

SUPPLY VOLTAGE 

Ta = 25°c f I I I I r 

Driver Load: C|_ = 50 pF, R|_ = 50 Q, See Figure 1 
- Receiver Load: C|_ = 15 pF, R|_ = 400 Q, - 
See Figure 2 

tPHL(S-Dl 



20 



15 



10 



tpLH(S-P) 



tPLH(D-D) 



tPHL(D-D) 



tPHL(R-R) 



-tPLH(R-R) 



4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 
Vcc - Supply Voltage - V 



Figure 17 

t Data for temperatures below 0°C and above 70°C is applicable to SN551 38 circuits only. 



Figure 18 
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TYPICAL CHARACTERISTICS 



DRIVER 

PROPAGATION DELAY TIMES 
vs 

LOAD CAPACITANCE 4 




E 



i 

O) 

2 

Q. 

I 



RECEIVER 
PROPAGATION DELAY TIMES 
VS 

LOAD CAPACITANCE 



vccLav 1 1 1 

Ri = 400 Q. See Fiaure 2 








ta = 


•25°C 






















tPH 


L(R-R] 
















tPLH(R4 



































































20 40 60 80 100 120 140 160 180 200 
C|_ - Load Capacitance - pF 



10 20 30 40 50 60 70 
C|_ - Load Capacitance - pF 



80 



Figure 19 



Figure 20 



APPLICATION INFORMATION 



5V 5V 




TYPICAL VOLTAGE WAVEFORMS 

Figure 21. Point-to-Point Communication Over 50 Feet of Twisted Pair at 5 MHz 
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APPLICATION INFORMATION 



5V 



5V 



100 Q < 



100 Q < 



«-50ft- 



-100 ft 



-100ft 



250 ft 



1- i 



I 1/4SN55138 I I 1/4SN55138 I I 1/4SN55138 I Belden #8795 

i =i 1 i Zj 1 I 1 Telephone Cable 

* jL JL or Equivalent 

® ® ® 



■® 



4V 
2V 
0V 



® 



L.ri. r i » 




.i_ri_j' i 



4V 



— 2 V 



OV 



TYPICAL VOLTAGE WAVEFORMS 

Figure 22. Party-Line Communication on 500 Feet of Twisted Pair at 1 MHz 

5V 5V 



I K 100 Q 



1000ftRG-53 



| 1/4SN55138 | 



or Equivalent 



100QST "1 



© 



| 1/4SN55138 | 



-® 



TYPICAL VOLTAGE WAVEFORMS 

Figure 23. Point-to-Point Communication Over 1000 Feet of Coaxial Cable at 1 MHz 



5V 
4V 
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SN75140, SN75141 
DUAL LINE RECEIVERS 



SLLS080B - JANUARY 1977 - REVISED MAY 1995 



Single 5-V Supply 
±100-mV Sensitivity 

For Application as: 

Single-Ended Line Receiver 

Gated Oscillator 

Level Comparator 
Adjustable Reference Voltage 
TTL Outputs 
TTL-Compatible Strobe 
Designed for Party-Line (Data-Bus) 
Applications 

Common Reference Voltage Pin 
Common Strobe 

SN75141 Has Diode-Protected Input Stage 
for Power-Off Condition 



description 



Each of these devices consists of a dual 
single-ended line receiver with TTL-compatible 
strobes and outputs. The reference voltage 
(switching threshold) is applied externally and can 
be adjusted from 1 .5 V to 3.5 V, making it possible 
to optimize noise immunity for a given system 
design. Due to their low input current (less than 
100 pA), they are ideally suited for party-line 
(data-bus) systems. 

The SN75140 has a common reference voltage 
pin and a common strobe. The SN75141 is the 
same as the SN751 40 except that the input stage 
is diode protected. 

The SN751 40 and SN751 41 are characterized for 
operation from 0°C to 70°C. 



10UT [ 
COMSTRB [ 
1 LINE [ 
GND [ 



P OR PSt PACKAGE 
(TOP VIEW) 

TJ 




]v C c 

]20UT 
] COMREF 
]2LINE 



tThe PS package is only available 
left-ended taped and reeled (order 
SN75140 PSLE). 



THE SN75141 IS NOT RECOMMENDED 
FOR NEW DESIGNS 



logic symbol* 

COMSTRB 



I 

3 






N 


6 ( 


rs 


5 







> 


> 1 




>1 



^J- 10UT 
JL 20UT 




lLIIME 

COMREF 6 f 

2LINE — V 



- 10UT 

- 20UT 



FUNCTION TABLE 
(each receiver) 



LINE INPUT 


STROBE 


OUTPUT 


< V re f-100mV 


L 


H 


>V ref +100mV 


X 


L 


X 


H 


L 



H « high level, L = low level, X = irrelevant 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of alt parameters. 



f _pubiicatlon date. — Copyright © 1 995, Texas Instruments Incorporated 

Texas Irr' 
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schematic (each receiver) 




vcc 



To Other 
Line Receiver 



OUT 



QND 

To Other Line Receiver 
— COMSTRB 



Resistor values shown are nominal and in ohms. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1 ) ■ • ■ — ■ ■ • 7 v 

Reference input voltage, V re f 5.5 V 

Line input voltage range with respect to GND -2 V to 5.5 V 

Line input voltage with respect to V re f — — ±5 V 

Strobe input voltage — 5.5V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T s t g -65°Gto150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Unless otherwise specified, voltage values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


T A £25 0 C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000mW 


8.0 mW/°C 


640 mW 


PS 


450 mW 


3.6mW/°C 


288 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.5 5 5.5 


V 


Reference input voltage, V re f 


1.5 3.5 


V 


High-level line input voltage, V|H(L) 


V r ef +0.1 Vcc-1 


V 


Low-level line input voltage, Vjl(L) 


0 V ref -0-1 


V 


High-level strobe input voltage, V|H(S) 


2 5.5 


V 


Low-level strobe input voltage, V||_(S) 


0 0.8 


V 
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electrical characteristics over recommended operating free-air temperature range, Vqc = 5 V ±1 0%, 
Vref = 1 -5 V to 3.5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Strobe input ciamp voltage 


l| (S ) = -12mA 


-1.5 


V 


Vqh High-level output voltage 


V|L(L) - Vref - 1 00 mV, V| L(S ) « 0.8 V, 
'OH ™u \xf\ 


2.4 


V 


Vql Low-level output voltage 


V|H(L) - V ref + 1 00 mV, V| L (S) - 0.8 V, 
IOL= 16 mA 


0.4 


V 


V|L(L) = Vref-100mV, V, H( S) = 2V, 
IOL= 16 mA 


0.4 


Strobe input current at 
I (S) maximum input voltage 


Strobe 


V I(S) S{, ' &V 


1 


mA 


COMSTRB 


2 


l|H High-level input current 


Strobe 


V I(S) - 2.4 v 


40 


MA 


COMSTRB 


80 


LINE 


V|(L)-3.5V, V re f=1.5V 


35 100 


Reference 


V|(L) - 0, V re f m 3.5 V 


35 100 


COMREF 


70 200 


1 1 1_ Low-level input current 


Strobe 


V|(S)»0.4V 


-1.6 


mA 


COMSTRB 


-3.2 


LINE 


V I(L )»0, V ref -1.5V 


-10 


MA 


Reference 


V|(L)-1.5V, V ref =0 


-10 


COMREF 


-20 


lOS Short-circuit output current* 


VcC = 5.5V 


-18 -55 


mA 


'CCH Supply current, output high 


V|(S) = 0, V|(L) - V re f - 1 00 mV 


18 30 


mA 


•CCL Supply current, output low 


V|(S) ! =0, V|(L) = V re f + 100 mV 


20 35 


mA 



t All typical values are at Vqc = 5 V, Ta = 25°C. 
$ Only one output should be shorted at a time. 

switching characteristics, V C c = 5 V, V ref = 2.5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH(L) Propagation delay time, low- to high-level outputfrom LINE 


Cl-15 pF, 
RL = 400 kO, 
See Figure 1 


22 35 


ns 


tpHL(L) Propagation delay time, high- to low-level output from LINE 


22 30 


tPLH(S) Propagation delay time, low- to high-level output from COMSTRB 


12 22 


ns 


tpHL(S) Propagation delay time, high- to low-level output from COMSTRB 


8 15 
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2.5 V 



Vqc Output 



PARAMETER MEASUREMENT INFORMATION 

<10ns — H k- -p\ H- <10ns 

| I 

2.5 v!-/"*™ \»2.5V 



LINE 

COMSTRB 
(see Note B) 




LINE 



2.5 V|/ *>°/o tj~ 
_aR 10% 10% 



I 



COMSTRB 



I 

tpHL(L) — H 



2.7 V 
2.3 V 



£l0ns-W |4- -+t H-<10ns 

iFj10% 10%(%L__ ov 



tPHL(S) 



Cl = 15 pF 
(see Note B) 



TEST CIRCUIT (see Note A) 



I 



N~W-tpLH(L) j ^ 
Output 1.5 7 \ 1.5 v/ 1.5 v \ 1.5 v/ 
VOLTAGE WAVEFORMS 



tPLH(S) 
VOH 

vol 



NOTES: A. Input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zq « 50 Q. 

B. Unused strobes are to be grounded. 

C. Cl includes probe and jig capacitance. 

D. All diodes are 1N3064. 

Figure 1. Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

LINE INPUT VOLTAGE 



> 

i 



I 2 

o 

I 

>° 



V C C=5V 
V ref = 2.5V 
V|(S) = 0 
Ta = 25°C 



12 3 4 

V|(L) - Line Input Voltage - V 

Figure 2 
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APPLICATION INFORMATION 



5V 



Strobe 




OUT 



1/2SN75361A 



1/2SN75140/1/2 SN75141 



Figure 3. Line Receiver 



Any 
Series 54/74 
Logic 



COMSTRB 



N = 1 



1.5 V 



N = 2f- 

I 

+ 

I 

N = 74 i- 



1.5 V 



N = 75t" 



SN75140/SN75141 



COMSTRB 



[3£ 



3>r 



SN75140/SN75141 



t Although most Series 54/74 circuits have a 2.4-V output at 400 \iA, they are typically capable of 
maintaining a 2.4-V output level under a load of 7.5 mA. 



Figure 4. High Fanout From Standard TTL Gate 
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APPLICATION INFORMATION 



Data In 
Data In Strobe 



Data Out 



Data Out Strobe 




1/2 SN75140 / 1/2 SN75141 



Ry (50 to 100 Q depending 
on line impedance) 



4— V r6 f = 1.5V to 3.5V 



NOTE A: Using this arrangement, as many as 1 00 transceivers can be connected to a single data bus. The 
adjustable reference voltage feature allows the noise margin to be optimized for a given system. 
The complete dual bus transceiver (SN75453B driver and SN751 40 receiver) can be assembled 
in approximately the same space required by a single 1 6-pin package and only one power supply 
is required (5 V). Data in and data out are TTL compatible. 

Figure 5. Dual Bus Transceiver 



V C C = 5V 



Signal Input 




Strobe 



1/2SN75140/1/2SN75141 _ 

Figure 6. Schmitt Trigger 



TTL Output 
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APPLICATION INFORMATION 



OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



a- 

B 



4 
3.5 

3 
2.5 

2 
1.5' 

1 

0.5 
0 

















R1 = 6.2 kQ 
Rj = 3.9 kQ 
Rf: = 16 left 
Ta = 25°C 




























1 







































































> 

I 



a- 
3 
o 



>° 



0.5 



1 1.5 2 
V|- Input Voltage -V 



2.5 



OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 

















R1 = 5.9 kfl 
Rj = 3.9 kQ 
Rp = 5kQ 
T A = 25°C 





































































































0.5 



1 1.5 2 
V| -Input Voltage -V 



2.5 



NOTE A: Slowly changing input levels from data lines, optical detectors, and other types of transducers may be converted to standard TTL signals 
with this Schmitt trigger circuit. R«j , Rp , and Rj may be adjusted for the desired hysteresis and trigger levels. 

Figure 7. Examples of Transfer Characteristics 



Vref 



COMSTRB 



t3> 



L .J 

SN75140/SN75141 J_ 



OUT 



COMSTRB 
OUT 



_n_rL_n 

-♦i \*- tw 



Figure 8. Gated Oscillator 
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APPLICATION INFORMATION 



OSCILLATOR FREQUENCY 
vs 

RC TIME CONSTANT 



















































































/-v r€ 


rf=1 






































































































^V re f = 2.5V 


































































R 


CC = 5V 
A = 25°C 

I I II 






















t« 




















V 
T 



0.1 0.2 0.4 0.7 1 2 4 7 10 



RC Time Constant - \is 
Figure 9 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B and -423-B 

Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 With External 
Components 

Meets Federal Standards 1020 and 1030 
Built-in 5-MHz Low-Pass Filter 
Operates From Single 5-V Power Supply 
Wide Common-Mode Voltage Range 
High Input Impedance 
TTL-Compatible Outputs 
8-Pin Dual-in-Line Package 
Pinout Compatible With the liA9637 and 
MA9639 



description 



The SN75146 is a dual differential line receiver 
designed to meet ANSI Standards EIA/TIA-422-B 
and -423-B. The receiver is designed to have a 
constant impedance with input voltages of ±3 V to 
±25 V allowing it to meet the requirements of 
EIA/TIA-232-E and ITU recommendation V.28 
with the addition of an external bias resistor. This 
receiver is designed for low-speed operation 
below 355 kHz and has a built-in 5-MHz low-pass 
filter to attenuate high-frequency noise. The inputs 
are compatible with either a single-ended or a 
differential line system and the outputs are TTL 
compatible. This device operates from a single 
5-V power supply and is supplied in both the 8-pin 
dual-in-line and small-outline packages. 

The SN75146 is characterized for operation from 
0°C to 70°C. 



D OR P PACKAGE 
fTOPVIEW) 



Vcct 




8 


]1IN + 


10UT [ 


2 


7 


]1IN- 


20UT [ 


3 


6 


]2IN + 


GND [ 


4 


5 


]2IN- 



THE SN75146 IS NOT RECOMMENDED 
FOR NEW DESIGNS. 



logic symbolt 



1IN + 
1IN- 
2IN + 
2IN- 



8 


I ' 


7 N 


6 




5 IS 





10UT 



20UT 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and 
IEC Publication 617-12. 



logic diagram 



+ JZ$j^^ 10UT 




20UT 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



vcc 



Input • 




740 £2 NOM < 



* TYPICAL OF ALL OUTPUTS 




— V CC 
50 CI NOM 



Output 



rh 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ( see Note 1 ) -0.5 V to 7 V 

Input voltage, V| ±25V 

Differential input voltage, V|d (see Note 2) — ±25 V 

Output voltage range, Vq (see Note 1 ) — -0.5 V to 5.5 V 

Low-level output current, Iql • — ■ • • • ■ 50 mA 

Continuous total dissipation — See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg — - 65°C to 1 50°C 

Lead temperature 1,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


D 


725 mW 


5.8mW/°C 


464 mW 


P 


1000mW 


8.0 mW/°C 


640 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, Vic 


±7 


V 


Operating free-air temperature, T/\ 


0 25 70 


°c 
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electrical characteristics over recommended ranges of supply voltage, common-mode input 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j Threshold input voltage (V|j + and V| j_) 




-0.2* 0.2 


V 


See Note 3 


-0.4$ 0.4 


v hys Hysteresis (V| j + - Vj j_) 




1 u 


m v 


V|b Input bias voltage 


l| = 0 


2 2.4 


V 


Voh High-level output voltage 


V|D = 0.2V, lo--1mA 


2.5 3.5 


V 


Vol Low-level output voltage 


V|D«-0.2V, lo»20 mA 


0.35 0.5 


V 


q Input resistance 


V| m 3 V to 25 V or V| - -3 V to -25 V, 
See Note 4 


6 7.8 10.5 


Y£l 


l| Input current 


Vcc = 0to5.5V, 
See Note 5 


V| = 10V 


1.1 3.25 


mA 


V|*-10V 


-1.6 -3.25 


'OS Short-circuit output current§ 


Vo = 0, V|D-0.2V 


-40 -75 -100 


mA 


'CC Supply current 


V|D«-0.5V, No load 


35 50 


mA 



t All typical values are at Vrjc = 5 V, = 25°C. 

$ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 

§ Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTES: 3. The expanded threshold parameter is tested with a resistor in series with each input. 



4. rj is defined by AV|/AI|. 

5. The input not under test is grounded. 



switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low-to-high-level output 


Cl-30 pF, See Figure 1 


100 


150 


300 


ns 


tPHL 


Propagation delay time, high-to-low-level output 


. 100 


150 


300 


ns 



v C c 



Input 



51 Q 




PARAMETER MEASUREMENT INFORMATION 

Output Vqc+ 



TEST CIRCUIT 



0.5 V 1 y 

-0.5V M |A- 



(see Note 
-0.5 V 



Output 



W H tp L H M M tpHL 

\l f V0H 

■f- 1.5.V 1.5 V + 



VOLTAGE WAVEFORMS 



NOTES: A. Cl includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 300 kHz, duty cycle « 50%. 

Figure 1. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



> 

i 



X 2 



2 

I 

o 

I 



V C C = 4.75 V 
T A = 25°C 


































J- 












V|C 


= 0 


J_ 
















I V| 


C = ±7 


V 












I 






v,< 


: = ±7 


v I 


















V|< 


2 = 0 


r 
















1- 



















-100 -50 0 50 

V|d - Differential Input Voltage - mV 

Figure 2 



100 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



> 

i 



% 2 



V C C = 5.25 
Ta = 25°C 


V 
























































V|C 


= 0 


























V|C = 


±7V 






















V|C 


= ±7 V 




























V|C = 


0 









































-100 -50 0 50 

V|d - Differential Input Voltage - mV 

Figure 3 



100 



APPLICATION INFORMATION 

12V 



_TL 




J~L 



1/2 UA9636 



See Note A 



NOTE A: In order to meet the input-impedance and open-circuit-input voltage requirements of 
ANSI Standard EIA/TIA-232-E and ITU recommendation V.28 and ensure 
open-circuit-input fail-safe operation, R and V are selected to satisfy the following 
equations: 

V = -1.1-3.3 j- volts 
i 



3 kQ < 



kQ 



R + r i 

Figure 4. EIA/TIA-232-E System Applications 
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APPLICATION INFORMATION 

Twisted Pair 5 V 



1/2 UA9638AC 




1/2SN75146 



Figure 5. EIA/TIA-422-B System Applications 
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Meets or Exceeds the Requirement of ANSI 
EIA/TIA-232-E and ITU Recommendation 
V.28 

Withstands Sustained Output Short Circuit 
to Any Low-Impedance Voltage Between 
-25 V and 25 V 

2-lis Max Transition Time Through the 3-V 
to -3-V Transition Region Under Full 
2500-pF Load 

Inputs Compatible With Most TTL Families 
Common Strobe Input 
Inverting Output 

Slew Rate Can Be Controlled With an 
External Capacitor at the Output 

Standard Supply Voltages ... ±12 V 



description 



The SN75150 is a monolithic dual line driver 
designed to satisfy the requirements of the 
standard interface between data terminal 
equipment and data communication equipment as 
defined by ANSI EIA/TIA-232-E. A rate of 20000 
bits per second can be transmitted with a full 
2500-pF load. Other applications are in data- 
transmission systems using relatively short single 
lines, in level translators, and for driving MOS 
devices. The logic input is compatible with most 
TTL families. Operation is from 12-V and -12-V 
power supplies. 

The SN75150 is characterized for operation from 
0°Cto70°C. 



D OR P PACKAGE 
fTOP VIEW) 

TT 




logic symbolt 



EN 



1A 2 


> 


M 3 







1Y 



2Y 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and I EC Publication 617-12. 

logic diagram (positive logic) 
si 



1A 



2A 



-=D-0- 



1Y 



2Y 



PRODUCTION DATA Information is current as of publication date. u . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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schematic (each line driver) 



vcc 



Input A 



Strobe S 



GND 



vcc- 




Output Y 



1kfl< <47Q 



Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc+ (see Note 1) 15 V 

Supply voltage, Vcc- •• • -15 V 

Input voltage, V| 15 V 

Applied output voltage ±25 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


Ta = 70°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000mW 


8.0 mW/°C 


640 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc + 


10.8 12 13.2 


V 


Supply voltage, Vcc - 


-10.8 -12 -13.2 


V 


High-level input voltage, Vm 


2 5.5 


V 


Low-level input voltage, V|[_ 


0 0.8 


V 


Driver output voltage, Vo 


±15 


V 


Operating free-air temperature, Ta 


0 70 


°c 
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electrical characteristics over recommended operating free-air temperature range, V C c± = ± 1 3.2 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


VOH 


High-level output voltage 






VcC+= 10.8 V, 
V| L = 0.8V, 


Vcc- = -10.8 V, 
RL = 3 l«Q to 7 kQ 


0 


Q 
O 




V 


vql 


Low-level output voltage (se 


e Note 2) 


V C C+ = 10.8 V, 
V, H = 2V, 


Vcc- = -10.8 V, 
RL = 3lcQ to7kQ 




-8 


-5 


v 


iih 


High-level input current 




Data input 


V| = 2.4 V 




1 


10 


ma 




Strobe input 




2 


20 


i|L 


Low-level input current 




Data input 


V| = 0.4V 




-1 


-1.6 


mA 




Strobe input 




-2 


-3.2 










Vq = 25V ' 




2 


8 




'OS 


Short-circuit output current* 






Vq = -25 V 




-3 


-8 


mA 






Vq = o, 


V| = 3V 


10 


15 


30 










vo = o, 


V| = 0 


-10 


-15 


-30 




•CCH + 


Supply current from Vcc +» high-level output 


V| = 0, 


RL = 3 kQ, 




10 


22 


mA 


'CCH- 


Supply current from Vqc-. high-level output 


T A = 25°C 




-1 


-10 


'CCL+ 


Supply current from Vcc +» low-level output 


V| = 3 V, 


RL - 3 kQ, 




8 


17 


mA 


'CCL- 


Supply current from VcC-> 


low-level output 


T A = 25°C 






-9 


-20 



t All typical values are at Vcc+ = 12 V, Vcc- = -12 V, Ta = 25°C. 
t Not more than one output should be shorted at a time. 

NOTE 2: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 



levels only, e.g., when -5 V is the maximum, the typical value is a more negative voltage. 



switching characteristics, Vqc+ = 12 V, Vcc- = -12 v » T A = 25 ° c ( see Figure 1) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tjLH Transition time, low-to-high-level output 


Cl - 2500 pF, Rl = 3 kQtO 7 kQ 


0.2 1.4 2 


US 


tjHL Transition time, high-to-low-level output 


0.2 1.5 2 


MS 


tTLH Transition time, low-to-high-level output 


Cl= 15 pF, Rl = 7 kQ 


40 


ns 


tfHL Transition time, high-to-low-level output 


20 


ns 


tPLH Propagation delay time, low-to-high-level output 


Cl= 15 pF, Rl = 7 kQ 


60 


ns 


tpHL Propagation delay time, high-to-low-level output 


45 


ns 
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PARAMETER MEASUREMENT INFORMATION 

3V V CC+ V CC - 

r _L 1_ 



Pulse 
Generator 
(see Note A) 



I 



:Rl 



Output 



' (see Note B) 



Input 



Output 



< 10 ns- 



10% 



TEST CIRCUIT 

H H- ^10ns 



90% 
50% 



50% >Ul 

50 lis to 



|*-tp L H-J 



3V 



3V 
0 V 
VOH 



«p — I- — vol 



tTLH ~* — J 



NOTES: A. The pulse generator has the following characteristics: duty cycle < 50%, Zq « 50 Q. 
B. C|_ includes probe and jig capacitance. 



Figure 1. Test Circuit and Voltage Waveforms 
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< 

E 

I 

<*•» 
c 

g 

3 

o 



o 
o 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
vs 

APPLIED OUTPUT VOLTAGE 



20 
15 
10 
5 
0 
-5 
-10 
-15 
-20 



Vcc + = 12V v« = 2.4V 
VcC- = -12V_ 
Ta = 25°C 




-25 -20 -15 -10 -5 0 5 10 15 20 25 
Vq - Applied Output Voltage - V 



Figure 2 



APPLICATION INFORMATION 
r" 



Channel 1 | r^, I 
Data Input j I Vl^^o| 



Strobe 



Channel 2 
Data Input 



+o>i 



^^SNJSiSO^j 



All Diodes Are ^V 
1N752A X. 



Channel 2 ! 
Data Output 

Hysteresis 
Control | 



Channel 1 
Data Output 



Channel 2 Strobe 




. MIL-STD-188C 
Interfaces 



Channel 1 Strobe 

Figure 3. Dual-Channel Single-Ended Interface Circuit Meeting Ml L-STD-188C, Paragraph 7.2. 
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Meets or Exceeds the Requirement of ANSI 
EIA/TIA-422-B 

High-Impedance Output State for 

Party-Line Operation 

High Output Impedance in Power-Off 

Condition 

Low Input Current to Minimize Loading 
Single 5-V Supply 

40-mA Sink- and Source-Current Capability 
High-Speed Schottky Circuitry 
Low Power Requirements 



DW OR N PACKAGE 



description 



(TOP VIEW) 


1A[ 


I I 

1 


20 


]v C c 


1Y[ 


2 


19 


]4A 


1Z[ 


3 


18 


]4Y 


1C[ 


4 


17 


]4Z 


cc[ 


5 


16 


]4C 


2C[ 


6 


15 


]s 


2Z[ 


7 


14 


]3C 


2Y[ 


8 


13 


]3Z 


2A[ 


9 


12 


]3Y 


gnd[ 


10 


11 


]3A 



This line driver is designed to provide differential signals with high current capability on balanced lines. This 
circuit provides strobe and enable inputs to control all four drivers and provides an additional enable input for 
each driver. The output circuits have active pullup and pulldown resistors and are capable of sinking or sourcing 
40 mA. 

The SN75151 meets all requirements of ANSI EIA/TIA-422-B and Federal Standard 1020. The SN75151 is 
characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 



INPUTS 


OUTPUTS 


ENABLE 


ENABLE 


STROBE 


DATA 


Y Z 


cc 


c 


S 


A 




L 


x 


X 


X 


z z 


X 


L 


X 


X 


z z 


H 


H 


L 


X 


L H 


H 


H 


X 


L 


L H 


H 


H 


H 


H 


H L 



publication date. ■ Copyright © 1995, Texas Instruments Incorporated 

Texas Instruments Jr#JL 

„ lecessarlly Include W*J» Tpv A 

testing of all parameters. jVf 1 £ XAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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logic symbolt 



s 

cc 

1C 
1A 
2C 
2A 
3C 
3A 
4C 
4A 



15 


G1 
G2 

i r 


2 


5 


4 


2EN > V 
1 V 


1 


s 3 


6 


8 




9 




7 


14 




12 




11 




16 


18 




19 









1Y 
1Z 
2Y 
21 
3Y 
3Z 
4Y 
4Z 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 

15 



S 
CC 
1C 

1A 

2C 

2A 

3C 
3A 
4C 
4A 



:0 



14 



16 



19 



1Y 
1Z 



2Y 
2Z 



">J — 3Y 



schematic 



Strobe S 




Input A 



Common to One 
Other Channel 
I 1 



22 kQ 



H4- 



Enable C 
(SN75151 only)" — 
Common Enable CC - 



4 



M * W L I 



* To Three 
Other Drivers 




Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1) 7 V 

Input voltage, V| 5.5 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential output voltage Vqd» are witn respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


Common-mode output voltage, Vqc 


-0.25 6 


V 


High-level output current, Iqh 


-40 


mA 


Low-level output current, Iol 


40 


mA 


Operating free-air temperature, T A 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|k input clamp voltage 


Vcc= MIN, l|=-12mA 


CC, S 


-2 


V 


All others 


-0.9 -1.5 


Voh High-level output voltage 


V C C = MIN, V| L = MAX, 
V| H = 2V 


Iqh = -20 mA 


2.5 


V 


Iqh = - 40 mA 


2.4 


Vol Low-level output voltage 


V C C = MIN, V|L = MAX, V|H = 2 V, 
lOL = 40 mA 


0.5 


V 


IVodi' Differential output voltage 


V C C = MAX, "O = 0 




V 


IV/^r^ol Differential rti itni it x/nltsifiA 


Vcc = MIN 


RL=100 n, 
See Figure 1 


2 2.8 


\J 


. IW . Change in magnitude of differential 
AIVoDl output voltage§ 


Vcc = MIN 


±0.01 ±0.4 


V 


Voc Common-mode output voltage^ 


Vcc = MAX 


1.8 3 


V 


Vcc = MIN 


1.6 3 


. ... | wiicinye in iiiay r iiiuuo oi cor nrnori- 

mode output voltage§ 


Vcc = MIN or MAX 


±0.02 ±0.4 


V 


. Off-state (high-impedance-state) 
^ z output current 


Vcc = MAX, Enable at 0.8 V 


Vq = 0.5 V 


-20 


MA 


V 0 = 2.5 V 


20 


v 0 = v C c 


20 


Iq Output current with power off 


vcc = o 


Vq = 6V 


0.1 100 


ma 


Vq = -0.25 V 


-0.1 -100 


Vq = -0.25 V to 6 V 


±100 


. 1 nput current at maximum input 
' voltage 


Vcc = MAX, V| = 5.5V 


0.1 


mA 


l|H High-level input current 


Vcc = MAX, V] = 2.4 V 


C(SN75151),A 


20 


ma 


CC,S 


80 


l|L Low-level input current 


Vcc = MAX, V| = 0.4 V 


C(SN75151),A 


-0.36 


mA 


CC,S 


-1.6 


lOS Short-circuit output current^ 


Vcc = MAX 


-50 -90 -150 


mA 


Iqc Supply current (both drivers) 


Vcc = MAX, No load 


Outputs disabled 


30 60 


mA 


Outputs enabled 


60 80 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Ta = 25°C and Vcc = 5 V except for Voc. for which Vcc is as stated under test conditions. 
§ Al Vqd' and Al Vqc' are the changes in magnitudes of Vod and Voc» respectively, that occur when the input is changed from a high level to a low 
level. 

1f In ANSI Standard EIA/TIA-422-B, Vqc» which is the average of the two output voltages with respect to ground, is called output offset voltage, 

v os . 

# Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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switching characteristics over recommended operating free-air temperature range, Vqc = 5 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpm Propagation delay time, low- to high-level output 


CL = 30pF, R L =100ft, 
Termination A, See Figure 2 


15 30 


ns 


tpHL Propagation delay time, high- to low-level output 


15 30 


ns 


tp|_H Propagation delay time, low- to high-level output 


Cl = 30 pF, Termination B, 
See Figure 2 


13 25 


ns 


tpHL Propagation delay time, high- tq low-level output 


13 25 


ns 


tjLH Transition time, low- to high-level output 


CL = 30pF, Rl= 100 ft, 
Termination A, See Figure 2 


12 20 


ns 


*THL Transition time, high- to low-level output 


12 20 


ns 


*PZH Output enable time to high level 


« ou pr, n|_ =» DU a.2, 

See Figure 3 


18 35 


ns 


tpzL Output enable time to low level 


CL = 30pF, Rl-1110, 
See Figure 4 


20 35 


ns 


tpHZ Output disable time from high level 


Cl = 30 pF, Rl = 60 ft, 
See Figure 3 


19 30 


ns 


tPLZ Output disable time from low level 


Cl = 30 pF, Rl= 111 ft, 
See Figure 4 


13 30 


ns 


Overshoot factor 


Rl - 1 00 ft, Termination C, 
See Figure 2 


10 


% 



t All typical values are at Ta - 25°C. 



PARAMETER MEASUREMENT INFORMATION 



50 ft 



VQD2 



50 ft V 0 C 

_L 



Figure 1. Differential and Common-Mode Output Voltages 
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PARAMETER MEASUREMENT INFORMATION 



5V- 



Pulse 
Generator 
(see Note A) 



1 kQ 



Input 



[50Q 



Y Output 
- Z Output 



Y- 
Z- 



C L = 30 pF 

(see Note B) - 



Cl = 30 pF; 
(see Note B) 



,( -L 



TERMINATION A 



R L = 100Q 



CL = 30pF. 
(see Note B) ' 



C L = 30 pF . 
(see Note FJ) 



TERMINATION B 
TEST CIRCUITS 



Y" 
Z- 



RL = 100Q 



TERMINATION C 



<5ns 



Input 



Y Output 



Z Output 




K— tTHL 



Overshoot 



100% 




— trLH 
VOLTAGE WAVEFORMS 



Overshoot 



NOTES: A. The pulse generator has the following characteristics: Zo = 50 Q, PRR < 1 0 MHz. 
B. C[_ includes probe and jig capacitance. 

Figure 2. Test Circuits, Voltage Waveforms, and Overshoot Factor 
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PARAMETER MEASUREMENT INFORMATION 



Pulse 
Generator 
(see Note A) 



Input 
50 £2 



r 



1 kn « 



5V 



TEST CIRCUIT 



-i- Cl = 30 pF 
(see Note B) 



-I- Cl = 30 pF 
tnp (see Note B) 



» Output 

; Rl = 60O 



<5 ns • 



< 5 ns — H H— 

I 



Input 
10% 



Output 




90% 
50% 



— 100 ns- 
W H-tp Z H 



90% "t" j 
50% \ 



■+ 3V 



1.5 V 

tpHZ-*— H 
VOLTAGE WAVEFORMS 




0V 



VOH 



V O ff«0 



NOTES: A. The pulse generator has the following characteristics: Zrj = 50 Q, PRR < 500 kHz. 
B. Cl includes probe and jig capacitance. 

Figure 3. Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Pulse 
Generator 
(see Note A) 



Input 

-X- 



5V 



1kQ! 



>1 



1L__. 



■ Cl = 30 pF 
' (see Note B) 



V 



j^C L = 30 pF 
-± (see Note B) 



.J 



TEST CIRCUIT 
- < 5 ns — H 



+ 90% 
Input + 50% 
10% _/ 



90% 



-<5ns 
-~\ 3 V 



50% - 



-100 ns- 
N H-tp Z L 



. 10% 



Output 




ov 

5V 



^l- vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: Zq - 50 Q, PRR < 500 kHz. 
B. Cl includes probe and jig capacitance. 

Figure 4. Test Circuit and Voltage Waveforms 



5V 



. RL = 111Q 
>— Output 
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TYPICAL CHARACTERISTICS 

Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 



No Load 
Ta = 25°C 


V 


P<? = 5.5V 






— - , 

1 Vcc = 5 V 




CC = 4.5V 






r 





















1 2 
V| - Data input Voltage - V 

Figure 5 



Y OR Z OUTPUT VOLTAGE 
vs 

ENABLE INPUT VOLTAGE 



Y OR Z OUTPUT VOLTAGE 
vs 

ENABLE INPUT VOLTAGE 



> 

i 



t 

O 

N 
k. 
O 
>■ 

I 

>° 



1 

Load = 470 Q to GND 
T A = 25°C 
See Note A 



Vqc = 5.5 V 



V C C = 5 V 



- V C C = 4.5 V 



0 12 3 

V| - Enable Input Voltage - V 

NOTE A: The A input is connected to Vqc during the testing of the Y 
outputs and to ground during testing of the Z outputs. 



Figure 6 



> 

0) 

o> 
8 

$ 

3 

a- 

3 

o 

N 
O 
>- 

I 



V C C = 5.5 V 




I 

Load = 470 Q to Vcc 


V C C = 5 V 




T A = 25°C 


V C C = 4.5 V 






WW M 


































I 









0 12 3 

V| - Enable Input Voltage - V 

NOTE A: The A input is connected to GND during the testing 
of the Y outputs and to Vqc during the testing of the 
Z outputs. 

Figure 7 
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TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



> 
i 

§> 

s 

$ 

3 

& 
3 

o 

3> 



2 3 



x 

i 

x 



vc 

Se 


I ! 

ic = 5 

eNot< 


r — 

V 

*A 
































»OH 


= -20 


mA 












•oh 


= -40 


mA 









































x 

i 

X 

o 









I I 

^VgC = 5.5 V 
^VcC = 5V 




ta 

Se< 


= 25 £ 
9 Not 


C 

eA 










CC = 


4.5 \ 



















































0 10 20 30 40 50 60 70 
Ta - Free-Air Temperature - °C 



80 



-10 -20 -30 -40 -50 -60 -70 -80 -90-100 
Iqh - High-Level Output Current - mA 



Figure 8 Figure 9 

NOTE A: The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



LOW-LEVEL OUTPUT VOLTAGE 
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Figure 11 
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NOTE A: The A input is connected to GND during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 13 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-301 



t 



2-302 



SN75154 

QUADRUPLE LINE RECEIVER 



SLLS083B- NOVEMBER 1970 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI Standard EIA/TIA-232-E and ITU 
Recommendation V.28 
Input Resistance . . . 3 k£2 to 7 k£l Over Full 
EIA/TIA-232-E Voltage Range 

Input Threshold Adjustable to Meet 

Fail-Safe Requirements Without Using 

External Components 

Built-in Hysteresis for Increased Noise 

Immunity 

Inverting Output Compatible With TTL 
Output With Active Pullup for Symmetrical 
Switching Speeds 

Standard Supply Voltages ... 5 V or 12 V 



D OR N PACKAGE 
(TOP VIEW) 



3T[ 


• 

1 


16 


] V CC2 


2T[ 


2 


15 


]V C C1 


1T[ 


3 


14 


]4T 


1A[ 


4 


13 


]1Y 


2A[ 


5 


12 


]2Y 


3A[ 


6 


11 


]3Y 


4A[ 


7 


10 


]4Y 


GND [ 


8 


9 


]Rlt 



t For function of R1 , see schematic 



description 



The SN75154 is a monolithic low-power Schottky line receiver designed to satisfy the requirements of the 
standard interface between data terminal equipment and data communication equipment as defined by ANSI 
Standard EIA/TIA-232-E. Other applications are for relatively short, single-line, point-to-point data transmission 
and for level translators. Operation is normally from a single 5-V supply; however, a built-in option allows 
operation from a 1 2-V supply without the use of additional components. The output is compatible with most TTL 
circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are connected to the Vqci terminal, even if power is being 
supplied via the alternate V<X2 terminal. This provides a wide hysteresis loop, which is the difference between 
the positive-going and negative-going threshold voltages. See typical characteristics. In this mode of operation, 
if the input voltage goes to zero, the output voltage will remain at the low or high level as determined by the 
previous input. 

For fail-safe operation, the threshold-control terminals are open. This reduces the hysteresis loop by causing 
the negative-going threshold voltage to be above zero. The positive-going threshold voltage remains above zero 
as it is unaffected by the disposition of the threshold terminals. In the fail-safe mode, if the input voltage goes 
to zero or an open-circuit condition, the output will go to the high level regardless of the previous input condition. 

The SN751 54 is characterized for operation from 0°C to 70°C. 



logic symbol* 



logic diagram 
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$ This symbol is in accordance with ANSI/IEEE Std 91-1 984 
and IEC Publication 617-12. 
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schematic 



V0C2t 



Common to 4 Receivers 
I 1 




Output 



Component values shown are nominal. 
/^7 . . . Substrate 

t When Vcci is used, VqC2 mav De Jeft °P en or shorted to Vqci ■ When VcC2 is used, Vfjci m ust be left open 
or connected to the threshold control pins. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Normal supply voltage, V<xi (see Note 1) 7 V 

Alternate supply voltage, Vcc2 ■ 1 4 v 

Input voltage, V| .......... . . . ............... . . . . . . . ±25 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values are with respect to network GND terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


NS 


625 mW 


5.0 mW/°C 


400 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Normal supply voltage, Vcci 


4.5 5 5.5 


V 


Alternate supply voltage, VrjC2 


10.8 12 13.2 


V 


High-level input voltage, Vm (see Note 2) 


3 15 


V 


Low-level input voltage, V|i_ (see Note 2) 


-15 -3 


V 


High-level output current, Iqh 


-400 


HA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, T A 


0 70 


°c 



NOTE 2: The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
and threshold levels only, e.g., when 0 V is the maximum, the minimum limit is a more negative voltage. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


\/lT 

V IT+ 


Positive-going input 


Normal operation 


1 




0.8 


2.2 


3 


V 


threshold voltage 


Fail-safe operation 




0.8 


2.2 


3 


\/lT 

V IT- 


Negative-going input 


Normal operation 


1 




-3 


-1.1 


0 


V 


threshold voltage 


Fail-safe operation 




0.8 


1.4 


3 


v hys 


Hysteresis voltage 


Normal operation 


1 




0.8 


3.3 


6 


V 


(V| T+ -V,t-) 


Fail-safe operation 




0 


0.8 


2.2 


VOH 


High-level output voltage 




1 


Iqh = -400 \iA 


2.4 


3.5 




V 


vol 


Low-level output voltage 




1 


IOL = 16mA 




0.29 


0.4 


V 










AV|=-25Vto-14V 


3 


5 . 


7 












AV|=-14Vto-3V 


3 


5 


7 




n 


Input resistance 




2 


AV| = -3Vto3V 


3 


6 


8 


k£ 










AV| = 3Vto14V 


3 


5 


7 










AV| = 14Vto25V 


3 


5 


7 




v Kopen) 


Open-circuit input voltage 




3 


l| = 0 


0 


0.2 


2 


V 


'OS 


Short-circuit output current 




4 


VcG1=5.5V, V| = -5V 


-10 


-20 


-40 


mA 


'CC1 


Supply current from Vrjd 




5 


VCC1=5.5V, T A = 25°C 




20 


35 


mA 


'CC2 


Supply current from VfjC2 




VcC2 = 1 3-2V, T A = 25°C 




23 


40 



t All typical values are at Vqci = 5 V, Ta = 25°C. 

$ Not more than one output should be shorted at a time. 



switching characteristics, Vqci = 5 V, = 25°C, N = 10 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


6 


CL = 50pF, Rl = 390Q 


11 


ns 


tPHL Propagation delay time, high- to low-level output 


8 


ns 


tjLH Transition time, low- to high-level output 


7 


ns 


*THL Transition time, high- to low-level output 


2.2 


ns 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 





















V CC 1=5V 
Ta = 25°C 
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i 


r V| T 4 




— tt 

— % 
























tt 

tt 




















— ss 




































— » — 
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V|- Input Voltage -V 
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NOTE A: For normal operation, the threshold controls are connected to Vqci • F° r fail-safe 
operation, the threshold controls are open. 



Figure 1 
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dc test circuitst 



PARAMETER MEASUREMENT INFORMATION 



TEST TABLE 



TEST 


MEASURE 


A 


T 


Y 


Vcci 


VcC2 


Open-circuit input (fail safe) 


VoH 


Open 


Open 


'oh 


4.5 V 


Open 


Vqh 


Open 


Open 


'oh 


Open 


10.8 V 


V|f + min, V|j_ min (fail safe) 


Vqh 


0.8 V 


Open 


•oh 


5.5 V 


Open 


V 0H 


0.8 V 


Open 


'oh 


Open 


13.2 V 


V|-r+ min (normal) 


VOH 


Note A 


VCC1 


'oh 


5.5 V and T 


Open 


V 0 H 


Note A 


VCC1 


•oh 


T 


13.2 V 


V|i_max, V|T+min (normal) 


VOH 


-3 V 


VCC1 


'oh 


5.5 V and T 


Open 


VOH 


-3V 


V CC1 


'oh 


T 


13.2 V 


Vm min, V|j + max, V|j_ max (fail safe) 


vol 


3V 


Open 


'OL 


4.5 V 


Open 


vol 


3V 


Open 


'OL 


Open 


10.8 V 


Vm min, V|-r + max (normal) 


vol 


3V 


VCC1 


'OL 


4.5 V and T 


Open 


vol 


3V 


VCC1 


'OL 


T 


10.8 V 


V| j_ max (normal) 


vol 


NoteB 


VCC1 


'OL 


5.5 V and T 


Open 


vol 


NoteB 


VCC1 


'OL 


T 


13.2 V 



NOTES: A. Momentarily apply -5 V, then 0.8 V. 
B. Momentarily apply 5 V, then GND. 



V|,V, T 




Figure 2. V, H , V IL , V, T+ , V, T _ V 0H , V 0 L 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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PARAMETER MEASUREMENT INFORMATION 
dc test circuitst (continued) 

TEST TABLE 




Open 



5.5 V- 



■13.2 V 



Vcd V CC2 



\P — >-M 



Open 

.JL. 

R1 



I 



vi(o^) 2J2«- J 



-Open 



T 


Vcd 


Vqc2 


Open 


5V 


Open 


Open 


GND 


Open 


Open 


Open 


Open 


V CC1 


Tand5V 


Open 


GND 


GND 


Open 


Open 


Open 


12 V 


Open 


Open 


GND 


VCC1 


T 


12V 


VCC1 


T 


GND 


VCC1 


T 


Open 


sistance 

TEST TABLE 


T 


VCC1 


VCC2 


Open 


5.5 V 


Open 


V CC1 


5.5 V 


Open 


Open 


Open 


13.2 V 


V CC1 


T 


13.2 V 



Figure 4. Input Voltage (Open) 



Open 5.5 V 



J. 



Open Open 



-5V 



Vcd V C C2 



GND 



V C C2 R" ' 

> 



R1 | 



rji'os 



Each output is tested separately. 

Figure 5. Output Short-Circuit Current 



5V 



5.5 V — 

»CC1 
Open 



I 



-13.2 V 



|'CC2 
Open 



Vcd V CC2 



GND 



- h 

Y_|_ 0pen 



All four line receivers are tested simultaneously. 
Figure 6. Supply Current 



t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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PARAMETER MEASUREMENT INFORMATION 

input 5 V Output 



Pulse 
Generator 
(see Note A) 



5V 



Open Open 

r J_l_l_L n 

IT V C C1 VCC2 R1 I 



| , GND 



R L = 390Q 
See Note C 

► I 



Cl = 50 pF 
(see Note B) 



TEST CIRCUIT 



Input 



Output 



H — H— 10±2ns 

I I 



10% 




90% 



tPHL " 



2V 



*THL 




1.5 V 
0.8 V 



H — *f— 10±2ns 



90% 




I-- 



10% 



-M— tpLH 



1.5 V 



0.8 V 




2V 



r- 



H— 4- tTLH 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zo - 50 Q, t w < 200 ns, duty cycle < 20%. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

Figure 6. Test Circuit and Voltage Waveforms 



5V 

ov 
-5 v 

Voh 
vol 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 
10-mA Current Limited Output 
Wide Range of Supply Voltage 
V C c = 4.5Vto15V 

Low Power ... 130 mW 
Built-in 5-V Regulator 

Response Control Provides: 
Input Threshold Shifting 
Input Noise Filtering 

Power-Off Output Resistance . . . 300 Q Typ 
Driver Input TTL Compatible 



description 



The SN75155 monolithic line driver and receiver 
is designed to satisfy the requirements of the 
standard interface between data terminal 
equipment and data communication equipment as 
defined by ANSI EIA/TIA-232-E. A response 
control input is provided for the receiver. A resistor 
or a resistor and a bias voltage can be connected 
between the response control input and ground to 
provide noise filtering. The driver used is similar to 
the SN75188. The receiver used is similar to the 
SN75189A. 

The SN751 55 is characterized for operation from 
0°C to 70°C. 



D OR P PACKAGE 
TOP VIEW 



Vcc-[ 
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]v CC+ 


DA [ 
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] DY 


RY [ 


3 


6 


]RTC 


GND [ 
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logic symbolt 



DA - 



RA- 
RTC 
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s 7 


5 
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JT 

RESP 


6 







DY 



RY 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
I EC Publication 617-12 

logic diagram 



vcc- 
vcc + 

DA 
GND 

RA 
RTC 



DY 



Reference 
Regulator 



RY 
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schematic 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc+ (see Note 1) 15 V 

Supply voltage, V<x- (see Note 1 ) - 1 5 V 

Input voltage range, Vj: Driver -15 V to 15 V 

Receiver -30V to 30V 

Output voltage range (driver) , Vq - 1 5 V to 1 5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 


DERATING FACTOR 


T A = 70°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc + 


4.5 12 15 


V 


Supply voltage, Vcc- 


-4.5 -12 -15 


V 


Output voltage, driver, Vq(D) 


±15 


V 


Input voltage, receiver, V|(R) 


-25 25 


V 


High-level input voltage, driver, Vm 


2 


V 


Low-level input voltage, driver, V||_ 


0.8 


V 


Response control current 


±5.5 


mA 


Output current, receiver, lO(R) 


24 


mA 


Operating free-air temperature, Ta 


0 70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

total device 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


'CCH + High-level supply current 


VCC+ = 5V, V CC _ = -5V 


V|(D)«2V, 
V|(R) = 2.3V, 
Output open 


6.3 8.1 


mA 


VCC+ = 9V, V CC _ = -9V 


9.1 11.9 


V C C+ = 12V, V C C- = -12 V 


10.4 14 


'CCL+ Low-level supply current 


VCC+ = 5V, V C C- = -5V 


V|(D)-0.8V, 

V|(R) = 0.6V, 
Output open 


2.5 3.4 


mA 


VCC+ = 9V, V C C- = -9V 


3.7 5.1 


VCC+ = 12V, V G C- = -12 V 


4.1 5.6 


ICC+ Supply current 


VCC+ = 5V, V C C-=0 


V|(R) = 2.3V, 
V|(D) = 0 


4.8 6.4 


mA 


V C C+ = 9V, V C C- = 0 


6.7 9.1 


'CCH- High-level supply current 


VCC+ = 5V, V C C- = -5V 


V|(D) = 2V, 
V|(R) = 2.3V 
Output open 


-2.4 -3.1 


mA 


V C C+ = 9V, V C C- = -9V 


-3.9 -4.9 


V C C+ = 12V, Vcc- - -12 V 


-4.8 -6.1 


Iqcl- Low-level supply current 


VCC+ = 5V, Vcc-^V 


V|(D) = 08V, 
V, (R) = 0.6V, 
Output open 


-0.2 -0.35 


mA 


V C C+ = 9V, V C C- = -9V 


-0.25 -0.4 


VCC+=12V, V C C- - -12 V 


-0.27 -0.45 



t All typical values are at Ta = 25°C. 
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electrical characteristics over recommended operating free-air temperature range, V C c+ = 12 V, 
Vcc- = -12 V (unless otherwise noted) 

driver section 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 










VCC+ = 5V, 


vcc-= 


-5V 


3.2 


3.7 






VOH 


High-level output voltage 


V|L = 0.8 V, 


R|_ = 3kQ 


VCC+ = 9V, 


vcc-= 


-9 V 


6.5 


7.2 




V 










vcc+^v, 


vcc-= 


-12V 


8.9 


9.8 








Low-level output voltage 
(see Note 2) 






V C C+ = 5V, 


v C c- = 


-5 V 




-3.6 


-3.2 




vol 


V| H = 2V, 


R[_ = 3 kQ 


VCC+ = 9V, 


vcc-- 


-9 V 




-7.1 


-6.4 


V 








VCC+ = 12V, 


vcc-= 


-12V 




-9.7 


-8.8 




"ih 


High-level input current 


V| = 7 V 


5 


ma 


IlL 


Low-level input current 


V| = 0 




-0.73 


-1.2 


mA 


, OS(H) 


High-level short-circuit 
output current 


V| = 0.8 V, 


v 0 = o 








-7 


-12 


-14.5 


mA 


'08(1) 


Low-level short-circuit 
output current 


V| = 2V, 


v 0 = o 








6.5 


11.5 


15 


mA 




Output resistance 
with power off 


V 0 = -2Vto2V 


300 


Q 


receiver section (see Figure 1) 


PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|T + 


Positive-going input threshhold voltage 




1.2 


1.9 


2.3 


V 


V|T- 


Negative-going input threshhold 
voltage 




0.6 


0.95 


1.2 


V 


Vhys 


Hystresis voltage (V| j + - Vrr_) 




0.6 


V 








V| = 0.6 V, 


V C C+ = 5V, 


v C c- = 


-5 V 


3.7 


4.1 


4.5 




VO(H) 


High-level output voltage 




ioh = iomA 


VCC+ = 12V, 


vcc-= 


-12V 


4.4 


4.7 


5.2 


V 




V| = 0.6 V, 


V C C+ = 5V, 


v C c-= 


-5V 


3.1 


3.4 


3.8 








Iqh = 0.4 mA 


VCC+=12V, 


vcc- = 


-12V 


3.6 


4 


4.5 




V 0(L) 


Low-level output voltage 




V| = 2.3 V, 


Iql - 24 mA 








0.2 


0.3 


V 


i|H 


High-level input current 




V| = 25V 


3.6 


6.7 


10 


mA 




V| = 3 V 


0.43 


0.67 


1 


mA 


'IL 


Low-level input current 




V| = -25V 


-3.6 


-6.7 


-10 


mA 




V| = -3 V 


-0.43 


-0.67 


-1 


mA 


'OS 


Short-circuit output current 




V| = 0.6 V 




-2.8 


-3.7 


mA 



t All typical values are at Ta = 25°C. 

NOTE 2: The algebraic limit system, in which the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 



voltage levels only (e.g., if -8.8 V is the maximum, the typical value is a more negative value). 
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switching characteristics over recommended operating free-air temperature range, Vqc+ = 5 V, 
Vqc- = -5 V, C|_ = 50 pF (unless otherwise noted) 

driver section (see Figure 2) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpi_H Propagation delay time, low- to high level output 


R|_ = 3 kQ 


250 480 


ns 


tpHL Propagation delay time, high- to low level output 


80 150 


t r Output rise time 


R|_ = 3 kQ 


67 180 


ns 


RL = 3 kQ to 7 kQ, C|_ = 2500 pF 


2.4 3 


|iS 


tf Output fall time 


RL = 3 kQ 


48 160 


ns 


Rj_ = 3 kQ to 7 kQ, Cl = 2500 pF 


1.9 3 


ps 


receiver section (see Figure 3) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tp|_H Propagation delay time, low- to high level output 


R|_ = 400Q 


175 245 


ns 


tpHL Propagation delay time, high- to low level output 


37 100 


t r Output rise time 


R|_ = 400 Q 


255 360 


ns 


tf Output fall time 


RL = 400Q 


23 50 


ns 



t All typical values are at T/\ - 25°C. 



PARAMETER MEASUREMENT INFORMATION 




Figure 1. Receiver Section Test Circuit (Vrr + , Vrr_ Vqh. Vol) 
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Input 



RL = 3 k£2 



PARAMETER MEASUREMENT INFORMATION 



m 



- Output 



; Cl = 50 pF 
(see Note A) 



Input 
tPHL 



1.5 V 

r | See Note B 



5 V 



|4-t PLH 



I I 

90%\! !/90% 

Output |\ 50% 50%/ 1 

| > fr-10% 10% -f I 



tr 



I 



3V 



0V 



VOH 



vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Driver Section Switching Test Circuit and Voltage Waveforms 



Output 



Response 
Control 

Input 



_^^o it— n 



: Rl = 400 Q 



: Cl = so pF 

(see Note A) 



m 

TEST CIRCUIT 



Input 
tpHL 



* /2V \2V 
/ See Note B |\_ 



90%\ 

|\1.5V 
Output | \ 10% 



I 




1.5 V- 
10%^ J 

I I 

r*-t r -H 



4V 
0 V 
V 0 H 

vol 



VOLTAGE WAVEFORMS 



Figure 3. Receiver Section Switching Test Circuit and Voltage Waveforms 

NOTES: A. Cl includes probe and jig capacitance. 

B. The input waveform is supplied by a generator with the following characteristics: Zq = 50 Q, t w = 1 us, t r < 1 0 ns, tf < 1 0 ns. 
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TYPICAL CHARACTERISTICS 
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Figure 7 



Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 2-317 



SN75155 

LINE DRIVER AND RECEIVER 

SLLS017C- JULY 1986 - REVISED MAY 1995 



> 

I 



5 
O 

I 

>° 



TYPICAL CHARACTERISTICS 

RECEIVER 
OUTPUT VOLTAGE 
VS 

INPUT VOLTAGE 
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Figure 8 
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Figure 9 
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TYPICAL CHARACTERISTICS 
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FREE-AIR TEMPERATURE 
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Figure 10 
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Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and 
EIA/TIA-423-B and ITU Recommendation 
V.10 and V.11 

Operates From Single 5-V Power Supply 
Wide Common-Mode Voltage Range 
High Input Impedance 
TTL-Compatible Outputs 
High-Speed Schottky Circuitry 
8-Pin Dual-ln-Line Package 



D, P OR PSt PACKAGE 
(TOP VIEW) 



1IN+[ 




8 


]v C c 


10UT[ 


2 


7 


]1IN- 


20UT[ 


3 


6 


]2IN + 


GND [ 


4 


5 


]2IN- 



t The PS package is only available 
left-ended taped and reeled 
(order SN75157PSLE). 



logic symbol* 



description 



The SN75157 is a dual differential line receiver 
designed to meet Standards EIA/TIA-422-B and 
-423-B and ITU V.1 0 and V.1 1 . It utilizes Schottky 
circuitry and has TTL-compatible outputs/The 
inputs are compatible with either a single-ended or 
a differential-line system. The device operates 
from a single 5-V power supply and is supplied in 
8-pin dual-in-line and small-outline packages. 

The SN75157 is characterized for operation from 
0°C to 70°C. 



1IN- 
1IN- 
2IN + 
2IN- 



1 


JT > 

I 


7 rs 


6 




5 





10UT 



20UT 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 



1IN 
1IN 



2IN + 
2IN- 
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20UT 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



VCC 



Input 



8kQ 

-vw— 



) Current 
' Source 



TYPICAL OF ALL OUTPUTS 



V CC 

50QNOM 



Output 



rh 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) -0.5 V to 7 V 

Input voltage, V| ±15 V 

Differential input voltage, V|q (see Note 2) ± 1 5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to 5.5 V 

Low-level output current, Iql 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


PS 


450 mW 


3.6 mW/°C 


288 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


V 


Operating free-air temperature, Ta 


0 25 70 


°c 


electrical characteristics over recommended ranges of supply voltage, common-mode input 
voltage, and operating free-air temperature (unless otherwise noted)t 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V|t Input threshold voltage (V|j + and V|j_) 




-0.2 0.2 


V 


See Note 3 


-0.4 0.4 


v hys Hysteresis voltage (V| j + - V|j_) 




70 


mV 


Voh High-level output voltage 


Vid - 0.2 V, lo = -1 mA 


2.5 3.5 


V 


Vol Low-level output voltage 


V|D = -0.2V, Iq = 20 mA 


0.35 0.5 


V 


l| Input current 


V C C = 0 to 5.5 V, 
See Note 4 


V| = 10 V 


1.1 3.25 


mA 


V| = -10V 


-1.6 -3.25 


I OS Short-circuit output current! 


V o = 0, V| D = 0.2V 


-40 -75 -100 


mA 


Iqc Supply current 


V|d = -0.5V, No load 


35 50 


mA 



t The algebraic convention, where the less-positive (more-negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 

$ All typical values are at Vcc « 5 V, Ta = 25°C. 

§ Only one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTES: 3. The expanded threshold parameter is tested with a 500-Q resistor in series with each input. 



4. The input not under test is grounded. 
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switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


Cl =15 pF, See Figure 1 


15 25 


ns 


tpHL Propagation delay time, high- to low-level output 


13 25 


ns 



PARAMETER MEASUREMENT INFORMATION 

Vcc+ Output Vqc+ 



Input 
51 




CL = 15pF 
(see Note A) 



v Input 
392 Q. t (see Note 



| 3.92 kfl 



- 7 T" 

B) + 50% 50% -V- 

\* M tpLH k H t 

I 1 

+ 1.5V 1.5V-V 



0.5 V 



-0.5 V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 5 MHz, duty cycle = 50%. 

Figure 1. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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APPLICATION INFORMATION 

5 v Twisted Pair 5 v 




1/2SN75158 




Figure 7. EIA/TIA-422-B System Application 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B and ITU 
Recommendation V.11 

Single 5-V Supply 
Balanced-Line Operation 
TTLCompatible 

High Output Impedance in Power-Off 
Condition 

High-Current Active-Pullup Outputs 
Short-Circuit Protection 
Dual Channels 
Input Clamp Diodes 



D, P, OR PSt PACKAGE 
(TOP VIEW) 



1Z[ 
1Y[ 
1A[ 
GND [ 



1 

2 7 

3 6 

4 5 



8 ] V CC 
]2Z 
]2Y 
]2A 



t The PS package is only available 
left-end taped and reeled, i.e., 
order SN75158PSLE. 



description 



The SN75158 is a dual differential line driver designed to satisfy the requirements set by the ANSI 
EIA/TIA-422-B and ITU V.11 interface specifications. The outputs provide complementary signals with 
high-current capability for driving balanced lines, such as twisted pair, at normal line impedance without high 
power dissipation. The output stages are TTL totem-pole outputs providing a high-impedance state in the 
power-off condition. 

The SN75158 is characterized for operation from 0°C to 70°C. 



logic symbolt 



logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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schematics of inputs and outputs 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential output voltage Vqd. are with respectto network ground terminal. Vod ' s attheY output with respect 
to the Z output. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


PS 


450 mW 


3.6 mW/°C 


288 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, Iqh 


-40 


mA 


Low-level output current, Iql 


40 


mA 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYP* MAX 


UNIT 


V|k Input clamp voltage 


Vcc = MIN, l| = -12mA 


-0.9 -1.5 


V 


VoH High-level output voltage 


Vcc = MIN, V|L = 0.8 V, 
V| H = 2V, Iqh = -40 mA 


2.4 3 


V 


Vol Low-level output voltage 


Vcc = MIN. V IL - 0.8 V, 
V|H = 2V, loL=40mA 


0.2 0.4 


V 


I Vod 1 1 Differential output voltage 


Vcc = MAX, Iq = 0 


3.5 2xVoD2 


V 


IVoD2' Differential output voltage 


Vcc = MIN 


RL = 100 Q, 
See Figure 1 


2 3 


V 


AVod Change in magnitude of differential output voltage§ 


Vcc = MIN 


±0.02 ±0.4 


V 


Voc Common-mode output voltage^ 


Vcc = MAX 


1.8 3 


V 


Vcc = MIN 


1.5 3 


AW Change in magnitude of common-mode output 
AVoc voltage§ 


Vcc - MIN 
or MAX 


±0.02 ±0.4 


V 


Iq Output current with power off 


vcc = o 


V 0 = 6 V 


0.1 100 


MA 


Vo = - 0.25 V 


-0.1 -100 


VQ = -0.25to6V 


±100 


l| Input current at maximum input voltage 


Vcc « MAX, V| = 5.5 V 


1 


mA 


l|H High-level input current 


VCC = MAX, V| = 2.4 V 


40 


liA 


l|L Low-level input current 


Vcc = MAX, V| = 0.4V 


-1 -1.6 


mA 


'OS Short-circuit output current^ 


Vcc = MAX 


-40 -90 -150 


mA 


ICC Supply current (both drivers) 


Vcc = MAX, Inputs grounded, 
Ta - 25°C, No load 


37 50 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 v and T A = 25 ° c except for Voc» for which Vcc ' s as stated under test conditions. 
§ AVqd and AlVoc' are tne changes in magnitudes of Vod and v OC» respectively, that occur when the input is changed from a high level to a low 
level. 

1f In ANSI Standard EIA/TIA-422-B, Vqc> which is the average of the two output voltages with respect to ground, is called output offset voltage, 



v os . 

ff Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 



switching characteristics, Vqq = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


l PLH Propagation delay time, low-to-high-level output 


See Figure 2, Termination A 


16 25 


ns 


tPHL Propagation delay time, high-to-low-level output 


10 20 


ns 


tpLH Propagation delay time, low-to-high-level output 


See Figure 2, Termination B 


13 20 


ns 


tPHL Propagation delay time, high-to-low-level output 


9 15 


ns 


tjLH Transition time, low-to-high-level output 


See Figure 2, Termination A 


4 20 


ns 


*TLH Transition time, high-to-low-level output 


4 20 


ns 


Overshoot factor 


See Figure 2, Termination C 


10% 
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PARAMETER MEASUREMENT INFORMATION 



50 Q 



VQD2 



50 



VjOC 



Figure 1. Differential and Common-Mode Output Voltages 
Input 

-t— IV" Y< 



Pulse 
Generator 
(see Note A) 



f Output 

: Output 



100 



C L = 30 pF _L 
(see Note B) ' 



TERMINATION A 

<5ns-*| |4- 
Input 



Cl = 15 pF _ 
(see Note B) ' 

CL = 15pF_L 
(see Note B)^ 

TERMINATION B 
TEST CIRCUITS 



5ns-#j |«- 

4— 



100 Cl • 



TERMINATION C 



j }■ 90% 90% V~|' 
/ 50% 50% \ 

122L/J l\ 



-3V 



Overshoot 



10% 



I 

tpLH-H ►! 



I 



0V 



100% 



Differential 
Output 



90% 90% 



50% /I 
10% / I 



I \ 50% 
I y 10% 



I I 



I 

I I 
-►I |«-tTHL 

VOLTAGE WAVEFORMS 




NOTES: A. The pulse generator has the following characteristics: Zq « 50 Q, t w = 25 ns, PRR < 1 0 MHz. 
B. Cl includes probe and jig capacitance. 



Figure 2. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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Figure 4 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 5 
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Figure 6 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B and ITU 
Recommendation V.11 
Single 5-V Supply 
Balanced Line Operation 
TTL Compatible 

High-Impedance Output State for 
Party-Line Applications 
High-Current Active-Pullup Outputs 
Short-Circuit Protection 
Dual Channels 
Clamp Diodes at Inputs 



D OR N PACKAGE 
fTOP VIEW) 




NC-No internal connection 



description 



The SN75159 dual differential line driver with 3-state outputs is designed to provide all the features of the 
SN751 58 line driver with the added feature of driver output controls. There is an individual control for each driver. 
When the output control is low, the associated outputs are in a high-impedance state and the outputs can neither 
drive nor load the bus. This permits many devices to be connected together on the same transmission line for 
party-line applications. 

The SN751 59 is characterized for operation from 0°C to 70°C. 



logic symbol 1 * 



6 


&> 

EN 

V 
V 


3 


4 


S 2 


5 


12 


9 




10 


v 13 


11 







1Y 
1Z 



2Y 
21 



logic diagram (positive logic) 



1EN 



1A- 
1B- 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



2EN 



2A 
2B 



10 



11 



1Y 
1Z 



12 



2Y 



PRODUCTION DATA Information Is current as of publication date. _ Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments w!m 

standard warranty. Production processing does not necessarily Include Wf TrvAr 
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schematic (each driver) 




Y • • • Vcc bus 

Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1) 7 V 

Input voltage, V| 5.5 V 

Off-state voltage applied to open-collector outputs 12V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T s tg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values except differential output voltage Vqd are with respect to the network ground terminal. Vqd is at the Y output with 
respect to the Z output. 



DISSIPATION RATING TABLE 


PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|[_ 


0.8 


V 


High-level output voltage, Ioh 


-40 


mA 


Low-level output current, IrjL 


40 


mA 


Operating free-air temperature, T A 


0 70 


°C 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


Vcc = 4.75 V, 


l|=-12mA 






-0.9 


-1 .5 


V 


VOH 


High-level output voltage 


Vcc = 4.75 v » 
V| H = 2V, 


V||_ = 0.8 V, 
Iqh = -40 mA 




2.4 


3 




V 


vol 


Low-level output voltage 


Vcc = 4.75 V, 
V| H = 2V, 


V|L - 0.8 V, 
Iql = 40 mA 






0.25 


0.4 


V 


VOK 


Output clamp voltage 


Vcc = 5.25 V, 


Iq = -40 mA 






-1.1 


-1.5 


V 


vo 


Output voltage 


Vcc = 4.75 V to 5.25 V, 


io = o 




0 




6 


. V 


IVOD1l 


Differential output voltage 


Vcc = 5.25 V, 


io-o 






3.5 


2VOD2 


V 


IVOD2' 


Differential output voltage 


VCC = 4.75 V 


2 


3 




V 


AIVqdI 


Change in magnitude of 
differential output voltage-t- 


VCC = 4.75 V 








±0.02 


±0.4 


V 


voc 


Common-mode output 


V C C = 5.25 V 








1.8 


3 


V 


voltage§ 


Vcc = 4.75 V 


R|_=100Q, 


See Figure 1 




1.5 


3 


AIVqc' 


Change in magnitude of 
common-mode output 
voltage* 


VCC - 4.75 V to 5.25 V 








±0.01 


±0.4 


V 








Vq = 6 V 




0.1 


100 




io 


Output current with power off 


v C c = o 


Vo = -0.25 V 




-0.1 


-100 


HA 








Vq = -0.25 V to 6 V 


±100 










Ta = 25°C 


Vo = 0 to Vcc 


±10 






Off-state (high-impedance 
state) output current 


Vcc = 5.25 V, 
Output controls 




v 0 = o 


-20 




ioz 


Ta = 70°C 


Vo = 0.4 V 


±20 


MA 




at 0.8 V 


Vq = 2.4 V 


±20 












v 0 = v C c 


20 




. Input current at 

' maximum input voltage 


Vcc = 5.25 V, 


V| = 5.5 V 




1 


mA 


l|H 


High-level input current 


Vcc = 5.25 V, 


V| = 2.4 V 




40 


>*A 


IlL 


Low-level input current 


Vcc = 5.25 V, 


V| = 0.4 V 






-1 


-1.6 


mA 


'OS 


Short-circuit output current^ 


Vcc = 5.25 V 


-40 


-90 


-150 


mA 




Supply current (both drivers) 


Vco - 5.25 V, 
T A = 25°C, 


Inputs grounded, 
No load 






47 


65 


mA 



t All typical values are at Vcc = 5 V and Ta = 25°C except for Voc» for which Vcc is as stated under test conditions, 
t AIVqd' an d Al Voc' are tne changes in magnitudes of Vod anc l Voc» respectively, that occur when the input is changed from a high level to a low 
level. 

§ In ANSI Standard EIA/TI A-422-B, Vqc» which is the average of the two output voltages with respect to GND, is called output offset voltage, Vos- 
^ Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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switching characteristics over operating free-air temperature range, Vqc = 5 V 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tPLH Propagation delay time, low-to-high-level output 


C|_ = 30 pF, Ri_*100Q, See Figure 2, 
Termination A 


16 25 


ns 


tpHL Propagation delay time, high-to-low-level output 


11 20 


ns 


tpi_H Propagation delay time, low-to-high-level output 


Cl = 15 pF, See Figure 2, Termination B 


13 20 


ns 


tpHL Propagation delay time, high-to-low-level output 


9 15 


ns 


tjLH Transition time, low-to-high-level output 


CL = 30pF, Rl-100 0, See Figure 2, 
Termination A 


4 20 


ns 


tjHL Transition time, high-to-low-level output 


4 20 


ns 


tpZH Output enable time to high level 


CL = 30pF, R|_=180C2, See Figure 3 


7 20 


ns 


tpzL Output enable time to low level 


CL = 30pF, R|_ = 250£2, See Figure 4 


14 40 


ns 


tpHZ Output disable time from high level 


CL>30pF, Rl = 180Q, See Figure 3 


10 30 


ns 


tp[_z Output disable time from low level 


C|_ = 30pF, R|_ = 250Q, See Figure 4 


17 35 


ns 


Overshoot factor 


R[_ - 100 Q, See Figure 2, Termination C 


10% 





t All typical values are at Ta = 25°C. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


vo 


Voa, V 0 b 


IVOD1I 


V 0 


!V 0 D2l 


v t 


AIVqdI 


IIVtl-IV t ll 


voc 


IV 0S I 


AlVocI 


iVos-V os l 


*OS 


llsal - l>sb< 


to 


Hxal . Hxbl 



PARAMETER MEASUREMENT INFORMATION 



voc 




Figure 1. Differential and Common-Mode Output Voltages 
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PARAMETER MEASUREMENT INFORMATION 



5V- 



1 kQ 

-AAAr- 



Input 



Pulse 
Generator 
(see Note A) 



50Q< 



Y Output 
Z Output 



Y — ' 



Z — i 



C L = 30 pF Jl- 
(see Note B) 



~1 

G L = 15 pF 

R|_ = 100 Q Z "I T (See N ° te B) 

C L = 15 pF _L - 
(see Note B) ^ 



TERMINATION A 



TERMINATION B 
TEST CIRCUITS 



K— 



- 25 ns - 



5 ns 



— H 

-*J ^-5ns 




-90% 

Input I /1.5V 

10%J 



90% 
1.5 



I 

tpLH H4- 



|#— — M-tRHL 



Y Output 



I 1.5 
110% 



Ijf- 90% ! 9o°/s4rr ~ 

5V/| I |\1. 



+ — 



5 V 
10% 



I I 

-►I |#- *THL 
k tpHL j« ►H t PLH 



Z Output 



90%\j |/90% 
l\1.5V 1.5 V/ 

I \ 10% 10% / I 



I I 



I I 



3 V 

'0V 
V 0 H 

■vol 

■VoH 

vql 



Overshoot 
100% — jjf- 



RL = 100i2 



TERMINATION C 




0% 

T 

Overshoot 




VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zo ■ 50 Q, PRR < 1 0 MHz. 
B. Cl includes probe and jig capacitance. 



Figure 2. Test Circuits, Voltage Waveforms, and Overshoot Factor 
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PARAMETER MEASUREMENT INFORMATION 



Input 



Pulse 
Generator 
(see Note A) 




1 kQ<> | | 



5V ' 

TEST CIRCUIT 



<5ns— H k- <5ns-M k- 




VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zq * 50 Q, PRR < 500 kHz. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Test Circuit and Voltage Waveforms 
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Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 



1 kQ 




I>-i 



-I. Cl= 30pF 
^£ (see Note B) 



J i 

J- C L = 30 pF 
(see Note B) 



TEST CIRCUIT 



-H l4-<5ns -*l |«-<;5ns 

I « ' L___ 



■90% 90% 
Input I / 1.5 V 1.5 V \| 

10%/ j*— — 100 ns— — ►i X iQQ/o 
tpZL — M M I 



3V 



0V 



I 



+I- tpLZ 



Output 



•5V 



\Z 0.5V 



vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq = 50 Q, PRR < 500 kHz. 
B. C[_ includes probe and jig capacitance. 



5V 




Figure 4. Test Circuit and Voltge Waveform 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



TA = 


25°C 
















vcc = 


4.75 V 






















V CC = 5 


•25 V 





























20 40 60 80 100 
Iql - Low-Level Output Current - mA 

Figure 9 



120 



< 

E 

! 



O 
>» 
cL 
a 

I 

O 

o 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

SUPPLY VOLTAGE 



80 
70 
60 
50 
40 
30 
20 
10 
0 



I I 

No Load 












'A 






ln F 
Grot 


tuts 
nded 




























































ln| 
Op 


>uts 
>en 







































2 3 4 5 6 
Vcc - Supply Voltage - V 

Figure 10 





56 




54 




52 


< 




E 

I 


50 






i 


48 


3 




o 


46 


a 




a. 

3 


44 


(75 




O 


42 


O 




40 




38 




36 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

FREE-AIR TEMPERATURE 



V C C = 6V 1 




No Load 























































25 50 
Ta - Free-Air Temperature - °C 

Figure 11 



75 



< 
E 
I 

+-> 
c 

£ 
v. 

3 

o 



CO 

I 

8 



100 



80 



60 



40 



20 



SUPPLY CURRENT 
(BOTH DRIVERS) 
vs 

FREQUENCY 



I Mill 
VCC = 5V 

- RL = oo 

C|_ = 30 pF 

Input: 3-V Square Wave 

Ta = 25°C 




0.1 



0.4 



1 4 10 

f - Frequency - MHz 

Figure 12 



40 100 



Texas 
Instruments 

2-344 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75159 

DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 
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TYPICAL CHARACTERISTICS 
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Figure 13 
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V C C = 5 V 
See Figures 3 
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SN75160B 
OCTAL GENERAL-PURPOSE 
INTERFACE BUS TRANSCEIVER 

SLLS004B - OCTOBER 1985 - REVISED MAY 1995 



MEETS IEEE STANDARD 488-1978 (GPIB) 



8-Channel Bidirectional Transceiver 
Power-Up/Power-Down Protection 
(Glitch Free) 

High-Speed, Low-Power Schottky Circuitry 

Low Power Dissipation ... 72 mW Max Per 
Channel 

Fast Propagation Times . . . 22 ns Max 
High-Impedance pnp Inputs 
Receiver Hysteresis . . . 650 mV Typ 
Open-Collector Driver Output Option 
No Loading of Bus When Device Is 
Powered Down (Vqc = 0) 



DW OR N PACKAGE 
(TOP VIEW) 



GPIB 





u 

1 


20 


]VCC 


" B1 [ 


2 


19 


]D1 N 


B2[ 


3 


18 


]D2 


B3[ 


4 


17 


]D3 


J B4[ 


5 


16 


]D4 


B5[ 


6 


15 


]D5 


B6[ 




14 


]D6 


B7[ 


8 


13 


]D7 


kB8[ 


9 


12 


]D8 J 


GND [ 


10 


11 


]PE 



Terminal 
' I/O Ports 



description 



The SN7516QB 8-channel general-purpose interface bus (GPIB) transceiver is a monolithic, high-speed, 
low-power Schottky device designed for two-way data communications over single-ended transmission lines. 
It is designed to meet the requirements of IEEE Standard 488-1 978. The transceiver features driver outputs that 
can be operated in either the passive-pullup or 3-state mode. If talk enable (TE) is high, these ports have the 
characteristics of passive-pullup outputs when pullup enable (PE) is low and of 3-state outputs when PE is high. 
Taking TE low places these ports in the high-impedance state. The driver outputs are designed to handle loads 
up to 48 mA of sink current. 

Output glitches during power up and power down are eliminated by an internal circuit that disables both the bus 
and receiver outputs. The outputs do not load the bus when V<x = 0. When combined with the SN751 61 B or 
SN75162B management bus transceivers, the pair provides the complete 16-wire interface for the IEEE-488 
bus. 

The SN751 60B is characterized for operation from 0°C to 70°C. 

Function Tables 



EACH DRIVER 



EACH RECEIVER 



INPUTS 


OUTPUT 
B 


D 


TE 


PE 


H 


H 


H 


H 


L 


H 


X 


L 


H 


X 


L 


zt 


X 


L 


X 


zt 



INPUTS 


OUTPUT 
D 


B 


TE 


PE 


L 


L 


X 


L 


H 


L 


X 


H 


X 


H 


X 


z 



H = high level, L = low level, X = irrelevant, Z = high-impedance state 
t This is the high-impedance state of a normal 3-state output modified by the internal resistors to Vqc 
and GND. 
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SN75160B 

OCTAL GENERAL-PURPOSE 
INTERFACE BUS TRANSCEIVER 
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logic symbolt 



PE • 



. 11 



TE 



M1[3S] 
M2[0C] 
EN3[XMT] 

EN4[RCV] 
3 



D1 



19 



D2 
D3 
D4 
D5 
D6 
D7 
D8 



18 



17 



16 



15 



14 



13 



12 



3(1 V/2&) 



V4 



(1V/2&) » 

1 JJ 



9 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and I EC Publication 61 7-1 2. 
V Designates 3-state outputs 
£ Designates passive-pullup outputs 



logic diagram (positive logic) 

PE jij> 



TE 



-4>i 



Terminal 
I/O Ports 
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D3- 



17 
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D7- 
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D8- 
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B3 



B4 



B5 



GPIB 
I/O Ports 



B6 



B7 



B8 
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SN75160B 
OCTAL GENERAL-PURPOSE 
INTERFACE BUS TRANSCEIVER 

SLLS004B - OCTOBER 1985 - REVISED MAY 1995 



schematics of inputs and outputs 




EQUIVALENT OF ALL INPUT/OUTPUT PORTS 




Input/Output Port 

Driver output R(eq) = 30 Q NOM 

Receiver output R( 6 q) = 110 Q NOM 

Circuit inside dashed lines is on the driver outputs only. 

R(eq) = equivalent resistor 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x (see Note 1 ) 7 V 

Input voltage, V| 5.5 V 

Low-level driver output current, Iql — 1 00 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg — -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds — 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


DW 


1125 mW 


9.0mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Ioh 


Bus ports with pullups active 


-5.2 


mA 


Terminal ports 


-800 


uA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


0 70 


°C 
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SN75160B 

OCTAL GENERAL-PURPOSE 
INTERFACE BUS TRANSCEIVER 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 




l| =-18mA 




-0.8 


-1.5 


V 


v hys 


Hysteresis voltage 

A/i-r _ V/i-r \ 
V V IT+ V IT-/ 


Bus 


See Figure 8 


0.4 


0.65 




V 


VOH 


High-level output voltage 


Terminal 


IOH = -800|jA, 


TE at 0.8 V 


2.7 


3.5 




V 


Bus 


lOH = -5.2 mA, 


PEandTEat2V 


2.5 


3.3 




VOL 


Low-level output voltage 


Terminal 


lOL = 1 6 mA, 


TE at 0.8 V 




0.3 


0.5 


V 


Bus 


IOL = 48mA, 


TEat2V 




0.35 


0.5 


"I 


Input current at maximum 
input voltage 


Terminal 


V| = 5.5V 




0.2 


100 


HA 


■in 


High-level input current 


Terminal 


V| = 2.7V 




0.1 


20 


|iA 


"IL 


Low-level input current 


Terminal 


V| = 0.5 V 




-10 


-100 


ma 


V|/0(bus) 


Voltage at bus port 




Driver disabled 


'l(bus) - 0 


2.5 


3.0 


3.7 


V 




l|(bus)=-12mA 


-1.5 










V|(bus) = -1-5Vto0.4V 


-1.3 












V|(bus) = 0.4 V to 2.5 V 


0 




-3.2 




h/0(bus) 


Current into bus port 


Power on 


Driver disabled 


V|(bus) = 2.5 V to 3.7 V 


2.5 
-3.2 


mA 










V|(bus)-3.7Vto5V 


0 




2.5 












V|(bus) = 5Vto5.5V 


0.7 




2.5 








Power off 


v C c = o, 


V|(bus) = 0to2.5V 


-40 




'OS 


Short-circuit output current 


Terminal 




-15 


-35 


-75 


mA 


Bus 




-25 


-50 


-125 


»CC 


Supply current 




No load 


Receivers low and enabled 




70 


90 


mA 




Drivers low and enabled 




85 


110 


C|/0(bus) 


Bus-port capacitance 




Vcc = 0 to 5 V, 
f = 1 MHz 


V|/o = 0to2V, 


16 


PF 



t All typical values are at Vqg = 5 V, Ta = 25°C. 
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switching characteristics, V C c = 5 V, C|_ = 15 pF, T A = 25°C (unless otherwise noted) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propation delay time, 
low- to high-level output 


Terminal 


Bus 


Cl = 30 pF, 


14 


20 


ns 


*PHL 


Propagation delay time, 
high- to low-level output 


See Figure 1 


14 


20 


tPLH 


Propagation delay time, 
low- to high-level output 


Bus 


Terminal 


C|_ = 30 pF, 


10 


20 


ns 


tPHL 


Propagation delay time, 
high- to low-level output 


Cpp Pint irp 9 


15 


22 


tpZH 


Output enable time to high level 








25 


35 




tPHZ 


Output disable time from high level 


TE 


BUS 


See Figure 3 


13 


22 


ns 


tPZL 


Output enable time to low level 


22 


35 


tPLZ 


Output disable time from low level 








22 


32 




tpZH 


Output enable time to high level 








20 


30 




tPHZ 


Output disable time from high level 


TE 


Terminal 


See Figure 4 


12 


20 


ns 


tPZL 


Output enable time to low level 


23 


32 


tPLZ 


Output disable time from low level 








19 


30 




ten 


Output pullup enable time 


PE 


Bus 


See Figure 5 


15 


22 


ns 


*dis 


Output pullup disable time 


13 


20 
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3V 



Generator 
(see Note A) 



50 Q 



PARAMETER MEASUREMENT INFORMATION 

«1 5V 

Output ^. 200<fi 
B 

480 fi 




D Input 



tPLH 
B Output 



I u I 



3V 

1.5 V 
| 1 0V 



\j 

r 7 



-I ~ V 0H 

J 



1.0 V 



VOH 



VOLTAGE WAVEFORMS 




Figure 1. Terminal-to-Bus Test Circuit and Voltage Waveforms 
i 1 

Output 

D 



4.3 V y 

B Input JM.5V 

240 fi | 



^ C L = 30 pF 
(see Note B) 



*PLH 
3kfi DOut P ut 



tpHL — r* — J 



— — av 

1.5V 

- — 0V 



7^15 V 



VOH 



-1.5 V 



I „, .J 

TEST CIRCUIT 

Figure 2. Bus-to-Terminal Test Circuit and Voltage Waveforms 

5V 



Vqh 



VOLTAGE WAVEFORMS 




Generator 


T ^ 


(see Note A) 





— Jte 



200 q| 
Output I TE Input 

I </c 



480 fi< 

-L- C L = 30 pF 
(see Note B) 



V-1.5V 



3 V 

0V 



82 tp Z H-J U- «PHZ-»{ 

' L '.-^T V OH 



B Output 
S1 
S2 



-±r B Output 

51 to GND 

52 Closed 



\i.ov 



0.8 V 
3.5 V 



05 V M 

— vql 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 



Figure 3. TE-to-Bus Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < ns, 
Zrj = 50 a 
B. C[_ includes probe and jig capacitance. 
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Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

4.3 V 




\ 1.5V /1.5V 



•3V 



32 TE Input 

tpZH — *| j- 

D Output 
S1T03V , /1.5V 
S2 0pen ' r 



tPHZ -J h- 



— OV 



TEST CIRCUIT 



D Output 

51 TO GND 

52 Closed 




VOLTAGE WAVEFORMS 

Figure 4. TE-to-Terminal Test Circuit and Voltage Waveforms 



Output 




PE Input / 15V 
ten — n h— 



ten — »| \*- tdis — *l 

| ; I 



3V 
•OV 
V 0 H 



vql* o.8v 



B Output 2 V 

_j - VOLTAGE WAVEFORMS 

TEST CIRCUIT 

Figure 5. PE-to-Bus Pullup Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < ns, 
Zo = 50 a 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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TERMINAL I/O PORTS 
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V C C = 5V 
Ta = 25°C 
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Figure 7 
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TYPICAL CHARACTERISTICS 
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GPIB I/O PORTS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 9 
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Figure 10 
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No Load 
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Figure 11 



1.7 



GPIB I/O PORTS 
CURRENT 
VS 

VOLTAGE 



< 
E 

I 



3 
p 




0 1 2 3 4 5 
Vj/o- Voltage -V 

Figure 12 
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SN55ALS160, SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS01 8D - JUNE 1 986 - REVISED MAY 1 995 



SN55ALS160 ... J OR W PACKAGE 
SN75ALS160 . . . DW OR N PACKAGE 
(TOP VIEW) 



SUITABLE FOR IEEE STANDARD 488-1978 (GPIB)t 
8-Channel Bidirectional Transceivers 
High-Speed Advanced Low-Power Schottky 
(ALS) Circuitry 

Low Power Dissipation: 

SN55ALS160 . . . 56 mW Max Per Channel 

SN75ALS160 ... 46 mW Max Per Channel 
Fast Propagation Times . . . 20 ns Max 
High-Impedance pnp Inputs 
Receiver Hysteresis: 

SN 55 ALS 160 ... 550 mV Typ 

SN75ALS160 . . . 650 mV Typ 
Open-Collector Driver Output Option 
No Loading of Bus When Device Is 
Powered Down (Vqc = 0) 
Power-Up/Power-Down Protection 
(Glitch Free) 



GPIB 
I/O Ports 




Terminal 
I/O Ports 



SN55ALS160 . . . FK PACKAGE 
(TOP VIEW) 



description 



The SN55ALS160 and SN75ALS160 eight-channel 
general-purpose interface bus transceivers are 
monolithic, high-speed, advanced low-power 
Schottky (ALS) devices designed for two-way data 
communications over single-ended transmission 
lines. They are designed to meet the requirements 
of SEEE Standard 488-1978. The transceivers 
feature driver outputs that can be operated in either 
the passive-pullup or 3-state mode. If talk enable 
(TE) is high, these ports have the characteristics of 
passive-pullup outputs when pullup enable (PE) is 
low and of 3-state outputs when PE is high. Taking 
TE low places these ports in the high-impedance 
state. The driver outputs are designed to handle 
loads up to 48 mA of sink current. 

An active turn-off feature has been incorporated into 
the bus-terminating resistors so that the device 
exhibits a high impedance to the bus when Vqc = 0. 
When combined with the SN55ALS161, 
SN75ALS161, or SN75ALS162 bus management 
transceiver, the pair provides the complete 1 6-wire 
interface for the IEEE-488 bus. 

The SN55ALS160 is characterized for operation 
from -55°C to 125°C.The SN75ALS160 is 
characterized for operation from 0°C to 70°C. 
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Function Tables 



EACH DRIVER 



EACH RECEIVER 



INPUTS 


OUTPUT 




INPUTS 


OUTPUT 


D TE PE 


B 




B TE PE 


0 


H H H 


H 




L L X 


L 


L H X 
H X L 


L 

zt 

Z* 




H L X 
X H X 


H 
Z 


X L X 






H = high level, 


L m low level, 


X = irrelevant, 





Z = high-impedance state 

t This is the high-impedance state of a normal 3-state output 
modified by the internal resistors to Vqc and GND. 



t The transceivers are suitable for IEEE Standard 896 applications to the extent of the operating conditions and characteristics specified in this 
data sheet. Certain limits contained in the IEEE specification are not met or cannot be tested over the entire military temperature range. 

PRODUCTION DATA Information Is current as of publication date. _ Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments l/t 

standard warranty. Production processing does not necessarily include ^t'# TV*-**- a 

testing of all parameters. IEXAS 
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logic symbolt 

11 



PE 
TE 

D1 

D2 
D3 
D4 
D5 
D6 
D7 
D8 



M1 [3S] 
M2 [OC] 
EN3 [XMT] 
EN4 [RCV] 



logic diagram (positive logic) 

PE ji_£ . 

TE 
Di 



19 


> 

3(1V/2&) 


2 

A 






V4 1 JT 


18 


3 




17 


4 






5 




15 


6 




14 




7 




13 


8 




12 




9 











B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



Terminal 
l/0< 
Ports 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 
V Designates 3-state outputs 
& Designates open-collector outputs with passive puilup 



D2 



D3 



D4 



D5 



D6 



18 



17 



16 



15 



14 



D7 



D8 



13 



12 



B1 



B2 



B3 



B4 



GPIB 
> I/O 
Ports 



B5 



B6 



B7 



B8 



schematics of inputs and outputs 




EQUIVALENT OF ALL INPUT/OUTPUT PORTS 





10 kQ 
NOM 



:3i 



L«L- -—.J 

Input/Output Port 

Driver output R( eq ) = 30 Q NOM 
Receiver output R( e q) = 110 a NOM 
R(eq) m equivalent resistor 

Circuit inside dashed lines is on the driver outputs only. 



2-358 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN55ALS160, SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS018D- JUNE 1986- REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage, Vj 5.5 V 

Low-level driver output current, Iql 100 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN55ALS160 -55°C to 125°C 

SN75ALS160 0°Cto70°C 

Storage temperature range, T stg — -65°C to 1 50°C 

Case temperature for 60 seconds, Tq- FK package 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from the case for 1 0 seconds: DW or N package — 260°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from the case for 60 seconds: J or W package 300°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING 
FACTOR 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 




FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



SN55ALS160 recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vih 


TE and PE at T A = -55°C to 125°C 


2 


V 


Bus and terminal at T A - 25°C to 1 25°C 


2 


Bus and terminal at T A = -55°C 


2.1 


Low-level input voltage, V||_ 


TE and PE at T A = -55°C to 125°C 


0.8 


V 


Bus and terminal at T A = 25°C to -55°C 


0.8 


Bus and terminal at T A = 125°C 


0.7 


High-level output current, Iqh 


Bus ports with pullups active (Vcc = 5 V) 


-5.2 


mA 


Terminal ports 


-800 


HA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


-55 125 


°C 
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SN55ALS160, SN75ALS160 

OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

SLLS018D - JUNE 1986- REVISED MAY 1995 



SN75ALS1 60 recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 " 5.25 


V 


High-level input voltage, Vjh 


2 


V 


Low-level input voltage, V|i_ 


0.8 


V 


High-level output current, Iqh 


Bus ports with pullups active 


-5.2 


mA 


Terminal ports 


-800 


MA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


0 70 
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature (unless 
otherwise noted) 





PARAMETER 




TEST CONDITIONSt 


SN55ALS160 


SN75ALS160 


UNIT 






MIN 


TYP* 


MAX 


MIN 


TYPt 


MAX 


V|K 


Input clamp voltage 




l| =-18mA, 


Vcc= MIN 






-0.8 


-1.5 




-0.8 


-1.5 


V 






Bus 






0.4 


0.65 






v hys 


Hysteresis voltage 
(V, T+ -V,t-) 


Bus 


Vcc * 5 V, 


Ta - -55°C and 25°C 


0.4 


0.55 






v 


VqC = 5 V, 


T A =125°C 




0.25 






VOH§ 


High-level output voltage 


Terminal 

ICI 1 1 III ICII 


■oh = - 800 ma. 


TE at 0.8 V, 


Vcc= MIN 


2.7 


3.5 




2.7 


3.5 




V 


Bus 


IOH=-5.2mA, 


PE andTEat2V, 


Vcc= MIN 


2.5 


3.3 




2.5 


3.3 






vol 


Low-level output voltage 


Torminal 
idi I hi loll 


IOL= 16 mA, 


TEat0.8V, 


V C C = MIN 




0.3 


0.5 




0.3 


0.5 


V 


Bus 


IOL = 48mA, 


TEat2V, 


Vcc = MIN 




0.35 


0.5 




0.35 


0.5 


"1 


IlipUl OUIICI 11 dl llldAlillUiM 

input voltage 


Terminal 


V| = 5.5 V, 


V C C= MAX 






0.2 


100 




0.2 


100 


HA 




High-level input current 


Terminal, 


V| = 2.7V, 


V C C= MAX 






0.1 


20 




0.1 


20 


uA 


in 


1 raAi-lovol irmi it f*i irront 

LUW ICVCI 11 IfJUl UUI 1 CI 11 


PE, orTE 


V| = 0.5 V, 


V C C= MAX 






-30 


-100 




-10 


-100 


uA 


V|/0(bus) 


Voltage at bus port 




Driver disabled, 


l|(bus) = 0 


2.5 


3 


3.7 


2.5 


3 


3.7 


V 




V<x = 5V(SN55') 


l|(bus)=-12mA 


-1.5 


-1.5 










V|(bus)=-1-5Vto0.4V 


-1.3 


-1.3 












V|(bus) = 0-4V to 2.5 V 


0 




-3.2 


0 




-3.2 




■l/U^DUS) 


Current into bus port 


Power on 


Driver disabled, 
Vcc = 5V(SN55') 


V|(bus) = 2-5V to 3.7 V 


2.5 
-3.2 


2.5 
-3.2 


mA 






V|(bus) = 3.7Vto5V 


0 




2.5 


0 




2.5 












V|(bus) = 5Vto5.5V 


0.7 




2.5 


0.7 




2.5 








Power off 


v C c = o 


V|(bus) = 0to2.5V 


40 


40 


VA 


'OS 


Short-circuit output current 


Terminal 


V C C= MAX 


-15 


-35 


-75 


-15 


-35 


-75 


mA 


Bus 


VCC = MAX 


-25 


-50 


-125 


-25 


-50 


-125 


ice 


Supply current 




No load, 


Terminal outputs low and enabled 




42 


56 




42 


65 


mA 




V C C= MAX 


Bus outputs low and enabled 




52 


85 




52 


80 


C|/0(bus) 


Bus-port capacitance 




Vcc = 0 to 5 V, 


V|/ O = 0to2V, f 


= 1 MHz 


30 


30 


PF 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vcc = 5 V, Ta = 25°C. 
§ Vqh applies to 3-state outputs only. 



SN55ALS160, SN75ALS160 

OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

SLLS01 8D - JUNE 1 986 - REVISED MAY 1 995 



switching characteristics at V cc = 4.75 V, 5 V, and 5.25 V, C|_ = 50 pF (unless otherwise noted) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


TA* 


MIN TYP* MAX 


UNIT 


. Propagation delay time, 
PLH low- to high-level output 


Terminal 


Bus 


See Figure 1 


25°C 


10 17 


ns 


Full range 


20 


. Propagation delay time, 
PHL high- to low-level output 


25°C 


10 14 


Full range 


16 


. Propagation delay time, 
PLH low- to high-level output 


Bus 


Terminal 


See Figure 2 


25°C 


8 15 


ns 


Full range 


18 


. Propagation delay time, 
high- to low-level output 


25°C 


8 15 


Full range 


18 


tpzH Output enable time to high level 


TE 


Bus 


See Figure 3 


25°C 


24 30 


ns 


Full range 


41 


*PHZ Output disable time from high level 


25°C 


9 14 


Full range 


16 


tpZL Output enable time to low level 


25°C 


16 28 


Full range 


34 


tpi_z Output disable time from low level 


25°C 


12 19 


Full range 


24 


tpZH Output enable time to high level 


TP 
1 C 


Terminal 


See Figure 4 


25°C 


24 36 


ns 


Full range 


50 


tpHZ Output disable time from high level 


25°C 


10 18 


Full range 


23 


tpZL Output enable time to low level 


25°C 


15 26 


Full range 


30 


tPLZ Output disable time from low level 


25°C 


15 24 


Full range 


31 


ns 


t en Output pullup enable time 


PE 


Bus 


See Figure 5 


25°C 


16 24 


Full range 


25 


tdis Output pullup disable time 


25°C 


9 16 


Full range 


20 



t Full range is -55°C to 1 25°C. 
t All typical values are at Vqc - 5 V. 
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SN55ALS160, SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

SLLS018D - JUNE 1986 - REVISED MAY 1995 



switching characteristics over recommended range of operating free-air temperature, Vqc = 5 V 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


tpi_H 


Propagation delay time, 
low- to high-level output 


Terminal 


Bus 


C L = 30 pF, 


j 




ns 


tPHL 


Propagation delay time, 
high- to low-level output 


See Figure 1 


8 


20 


tPLH 


Pronanation riftlav tima 
low- to high-level output 


Bus 


Terminal 


w[_ ss ou pr, 


7 


14 


ns 


tPHL 


Propagation delay time, 
high- to low-level output 


See Figure 2 


9 


14 


tpZH 


Output enable time to high level 








19 


30 




tPHZ 


Output disable time from high level 


TE 


Bus 


C L = 15pF, 


5 


12 


ns 


tpZL 


Output enable time to low level 


See Figure 3 


16 


35 


tPLZ 


Output disable time from low level 








9 


20 




tpZH 


Output enable time to high level 








13 


30 




tPHZ 


Output disable time from high level 


TE 


Terminal 


C|_=15pF, 


12 


20 


ns 


tpZL 


Output enable time to low level 


See Figure 4 


12 


20 


tPLZ 


Output disable time from low level 








11 


20 




*en 


Output pullup enable time 


PE 


Bus 


CL=15pF, 


11 


22 


ns 


tdis 


Output pullup disable time 


See Figure 5 


6 


12 



t Typical values are at Ta = 25°C. 
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SN55ALS160, SN75ALS160 

OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS018D - JUNE 1986 - REVISED MAY 1995 



3V 



Generator 
(see Note A) 



Output 



50 Q « 




PARAMETER MEASUREMENT INFORMATION 



5V 
[7 V] 



200 Q ^, « / 
[500Q] D,n P Ut / 1.5 V 



tPLH 

:c L =30 pF i 480 a 
[ - 50 pFJ > [500 Q i B Output 
(see Note B) 1 



tPHL-+K>! 



3V 



<480G / 
T [500 Q] B Output f 



-J 



V 0 H 



2.2 V 



1 V 



Vqh 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 1. Terminal-to-Bus Test Circuit and Voltage Waveforms 




4.3 V 
[7V] 



Output 



■•—4 



I I 

TEST CIRCUIT 



ln P ut y /l-5V " ^1.5V 



^Cl =30 pF 
[ = 50 pF 
(see Note B) 



B Input / 1.5 V 

240 C2 9 I 

[500 Q] tpLH-^4>l 



tpHL "4t-W 



3kQ 
[500 Q] 



D Output 



J67 



VI 



[1.5 V 



3V 

. 0 
VOH 

•vol 



3V 



~ ~ VOLTAGE WAVEFORMS 

Figure 2. Bus-to-Terminal Test Circuit and Voltage Waveforms 

5V 
[7V]I 



PE 



Generator 




(see Note A) 






i 50 Q 



Output 



B 



-J -L 



200 Q / 
[500 Q] TE Input / 15V 

/ S2 — -A . 

tPZH -¥ M- 



-3V 



1.5 V 
^ 0 



B Output 

p^CL=15pF i 480 Q S1to3V 
[ = 50 pF] > [ 500 S2 Open 
(see Note B) 



j 



tPHZ" 



1 TE 



tpZL W »| tPLZ 
1 V 



B Output 

51 to GND 

52 Closed 



jt- v oh. 

0.8 V 
3.5 V 

vol 



" ^0% 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 3. TE-to-Bus Test Circuit and Voltage Waveforms 

[] denotes the SN55ALS1 60 military test conditions. 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 r 
Zq = 50 Q. 
B. C|_ includes probe and jig capacitance. 
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SN55ALS160, SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS01 8D - JUNE 1 986 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 




3V 



5 V 



tPHZ 



; 90% 



1.5 V 



- Vqh 



4V 



0.7 V 



: vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. TE-to-Terminal Test Circuit and Voltage Waveforms 
I — L" 1 




7=p Cl = 15 pF 
[ = 50 pF] 
(seo Note 



- Output 



PE Input / 1 5 v 



F > Rl =480Q 
B) J [ = 500Q] 



\l.5V 



ten— ^ 
B Output 



tdis -n k- 



; 90% 



3V 
0 

V 0 H 

• vql * o.8 



TEL , 1 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 5. PE-to-Bus Test Circuit and Voltage Waveforms 

[ ] denotes the SN55ALS1 60 military test conditions. 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo»50a 
B. Cl includes probe and jig capacitance. 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS018D - JUNE 1986 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



>. 
i 

o 

O) 



3 
& 



X 

I 

X 



TERMINAL HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



4 
3.5 

3 
2.5 

2 
1.5 
1 

0.5 
0 













I I 

V C C = 5V 












■J 







































































































-5 -10 -15 - 20 - 25 - 30 - 35 
'OH ~ High-Level Output Current - mA 

Figure 6 



-40 



o 
3 



O 



>° 



TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



I 

V C C = 5V 
T A = 25°C 







































































10 20 30 40 50 60 
Iql ~ Low-Level Output Current - mA 

Figure 7 
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TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



I I 

V CC =5V 

No Load 
















t a 


= 25 


°C 












r— 
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i V|- 


r + 
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Figure 8 
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SN55ALS160, SN75ALS160 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS01 8D - JUNE 1 986 - REVISED MAY 1 995 



TYPICAL CHARACTERISTICS 



> 

i 



t 

o 

i 

O) 



> 

I 

I 

£5 



>° 



BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 

BUS HIGH-LEVEL OUTPUT CURRENT 











vcc = 

T A = S 


= 5V 
25°C 







































-10 -20 -30 -40 -50 

'OH ~ High-Level Output Current - mA 

Figure 9 

BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 



-60 



V C C=5V 
No Load 

T. _ OEor* 












■A 







































































0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 
V| - Input Voltage - V 

Figure 11 
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o 



BUS LOW-LEVEL OUTPUT VOLTAGE 
vs 

BUS LOW-LEVEL OUTPUT CURRENT 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



v c 


C = * 
= 25 


>V 
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Iql - Low-Level Output Current - mA 

Figure 10 

BUS CURRENT 
vs 

BUS VOLTAGE 
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Figure 12 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 



SLLS005B - OCTOBER 1980 - REVISED MAY 1995 



MEETS IEEE STANDARD 488-1978 (GPIB) 



• 8-Channel Bidirectional Transceivers 

• Power-Up/Power-Down Protection 
(Glitch Free) 

• Designed to Implement Control Bus 
Interface 

• SN75161B Designed for Single Controller 

• SN75162B Designed for Multiple 
Controllers 

• High-Speed, Low Power Schottky Circuitry 

• Low Power Dissipation ... 72 mW Max Per 
Channel 

• Fast Propagation Times . . . 22 ns Max 

• High-impedance pnp Inputs 

• Receiver Hysteresis . . . 650 mV Typ 

• Bus-Terminating Resistors Provided on 
Driver Outputs 

• No Loading of Bus When Device Is 
Powered Down (Vcc = 0) 

description 

The SN75161B and SN75162B eight-channel, 
general-purpose interface bus transceivers are 
monolithic, high-speed, low-power Schottky 
devices designed to meet the requirements of 
IEEE Standard 488-1978. Each transceiver is 
designed to provide the bus-management and 
data-transfer signals between operating units of 
a single- or multiple-controller instrumentation 
system. When combined with the SN751 60B octal 
bus transceiver, the SN75161B or SN75162B 
provides the complete 16-wire interface for the 
IEEE-488 bus. 

The SN75161B and SN75162B each features 
eight driver-receiver pairs connected in a 
front-to-back configuration to form input/output 
(I/O) ports at both the bus and terminal sides. A 
power-up/-down disable circuit is included on all 
bus and receiver outputs. This provides glitch-free 
operation during Vcc power up and power down. 
The direction of data through these driver-receiver 
pairs is determined by the DC, TE, and SC (on 
SN75162B) enable signals. The SC input on the 
SN75162B allows the REN and I FC transceivers 
to be controlled independently. 



SN75161B . . . DW OR N PACKAGE 
(TOP VIEW) 



GPIB 
I/O Ports 



TE [ 1 
' REN [ 2 
IFC[ 3 
NDAC [ 4 
NRFD [ 5 
DAV[ 6 
EOi [ 7 
ATN [ 8 
SRQ [ 9 
GND[ 10 




Terminal 
I/O Ports 



GPIB 
I/O Ports 



SN75162B . . . DW PACKAGE 
(TOP VIEW) 

SC [ 1 U 
TE [ 2 
REN [ 3 
IFC[ 4 
NDAC [ 5 
NRFD [ 6 
DAV[ 7 
EOI[ 8 
ATN [ 9 
SRQ [ 10 
NC[ 11 
GND [ 12 

SN75162B...N PACKAGE 
(TOP VIEW) 

U 22|]Vcc 




Terminal 
I/O Ports 



GPIB 
I/O Ports 



SC [ 1 
TE [ 2 
REN [ 3 
IFC [ 4 
NDAC [ 5 
NRFD [ 
DAV [ 7 
EOI [ 8 
ATN [ 
SRQ [ 10 
GND [ 11 



]REN 
]IFC 
]NDAC 
]NRFD 
]DAV 
15 ]EOI 
14 ]ATN 
3 ]SRQ 
I ]DC 



■> Terminal 
I/O Ports 



NC-No internal connection 



PRODUCTION DATA information Is current as of oubllcation data. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W arn 

standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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SN75161B, SN75162B 

OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

SLLS005B - OCTOBER 1 980 - REVISED MAY 1 995 



description (continued) 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a high 
impedance to the bus when supply voltage Vqc is 0. The drivers are designed to handle loads up to 48 mA of 
sink current. Each receiver features pnp transistor inputs for high input impedance and hysteresis of 400 mV 
for increased noise immunity. All receivers have 3-state outputs to present a high impedance to the terminal 
when disabled. 

The SN751 61 B and SN751 62B are characterized for operation from 0°C to 70°C. 



CHANNEL IDENTIFICATION TABLE 



NAME 


IDENTITY 


CLASS 


DC 


Direction Control 




TE 


Talk Enable 


Control 


SC 


System Control (SN75162B only) 




ATN 


Attention 




SRQ 


Service Request 




REN 


Remote Enable 


Bus 


IFC 


Interface Clear 


Management 


EOl 


End of Identity 




DAV 


Data Valid 




NDAC 


Not Data Accepted 


Data 


NRFD 


Not Ready for Data 


Transfer 
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SN751 61 B logic symbolt 



DC 
TE 



11 



ATN 



13 



EOI 



14 



SRQ 



12 



REN 



19 



IFC 



18 



DAV 



15 



EN1/Q4 
EN2/G5 



NDAC 



NRFD 



EN3 



V1 



V3 



1^ 



V1 



V1 



1<& 



V1 



JT 



V2 



2$ 



V2 



26 



V2_ 



-L 



- ATN 



EOI 



-SRQ 



-REN 



- IFC 



- DAV 



NDAC 



NRFD 



TThis symbol is in accordance with IEEE Std 91-1984 and 

IEC Publication 617-12. 
v Designates 3-state outputs 
& Designates passive-puliup outputs 



SN75161B logic diagram (positive logic) 



ATN 



EOI 



SRQ 



REN 



IFC 



DAV 



NDAC 



NRFD 



ATN 



EOI 



SRQ 




REN 



DAV 



NDAC 



NRFD 
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SN75162B logic symbolt 



DC 
TE 



SC 



12 



ATN 



14 



EOI 



15 



SRQ 



13 



REN 



20 



IFC 



DAV 



NDAC 



NRFD 



19 



16 



18 



17 



EN1/G4 
EN2/G5 
EN3 



>1 



EN3 



TV 



V1 



6 V 



V6 



V1 



3 V 



V3 



3 V 



V3 



2v 



V2 



2& 



V2 



_2& 



V2 



ATN 



EOI 



10 



SRQ 



REN 



IFQ 



DAV 



NDAC 



NRFD 



tThis symbol is in accordance with IEEE Std 91-1984 and 

IEC Publication 617-12. 
v Designates 3-state outputs 
& Designates passive-pullup outputs 



Pin numbers shown are for the N package. 



SN75162B logic diagram (positive logic) 



ATN 



SRQ 



REN 



DAV 



NDAC 



NRFD 



ATN 



SRQ 




REN 



DAV 



NDAC 



NRFD 
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Function Tables 

SN75161B RECEIVE/TRANSMIT 



CONTROLS 


BUS-MANAGEMENT CHANNELS 


DATA-TRANSFER CHANNELS 


DC 


TE 


ATNt 


ATNt 


SRQ 


REN 


IFC 


EOI 


DAV 


NDAC NRFD 










(Controlled by DC) 








(Controlled byTE) 


H 


H 


H 


R 


T 


R 


R 


T 


T 


R R 


H 


H 


L 


R 


L 


L 


H 


T 


R 


T 


T 


R 


R 


T T 


L 


L 


L 


T 


H 


L 


X 


R 


T 


R 


R 


R 


R 


T T 


L 


H 


X 


T 


R 


T 


T 


T 


T 


R R 



SN75162B RECEIVE/TRANSMIT 



CONTROLS 


BUS-MANAGEMENT CHANNELS 


DATA-TRANSFER CHANNELS 


SC 


DC 


TE 


ATNt 


ATNt 


SRQ 


REN IFC 


EOI 


DAV 


NDAC NRFD 










(Controlled by DC) 


(Controlled by SC) 




(Controlled byTE) 


^^^^ 


H 


H 


H 


R 


T 




T 


T 


R R 




H 


H 


L 


■MMW 

^^^^^^^^^^^^^^^^^ 


R 




L 


L 


H 


T 


R 




R 


R 


T T 




L 


L 


L 


■■■■■■ 


T 


iillllli 


H 


L 


X 


R 


T 


R 


R 


T T 




L 


H 


X 


T 


R 




T 


T 


R R 


H 




lllillll 






illll 




T T 






IBIIB 





L 


||||||||; llll 




llllllillll^lliillll 1 




R R 







n * nign level, l = low level, R = receive, T = transmit, X = irrelevant 

Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the terminal side. 
Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC and TE 
inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 
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schematics of inputs and outputs 



EQUIVALENT OF ALL CONTROL INPUTS 



vcc 



9kQ 
NOM 



Input 



GND 



TYPICAL OF SRQ, NDAC, AND NRFD GPIB I/O PORT 




vcc 



GND 



Input/Output Port 

Circuit inside dashed lines is on the driver outputs only. 



TYPICAL OF ALL I/O PORTS EXCEPT SRQ, NDAC, 
AND NRFD GPIB I/O PORTS 




vcc 



GND 



Input/Output Port 

Driver output R(eq) = 30 Q NOM 

Receiver output R( 6 q) 5 11 0 Q NOM 

Circuit inside dashed lines is on the driver outputs only. 

R (eq) = equivalent resistor 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x (see Note 1) . . .... 7 V 

Input voltage, V| 5.5 V 

Low-level driver output current, Iql 100 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T st g ~65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16) inch from the case for 10 seconds . 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network ground terminal. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta<;25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


DW (20 pin) 


1125 mW 


9.0 mW/°C 


720 mW 


DW (24 pin) 


1350 mW 


10.8 mW/°C 


864 mW 


N (20 pin) 


1150 mW 


9.2 mW/°C 


736 mW 


N (22 pin) 


1700mW 


13.6mW/°C 


1088mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Iqh 


Bus ports with 3-state outputs 


-5.2 


mA 


Terminal ports 


-800 


UA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 




1 J — 1 O II l/A 




-0.8 


— 1.5 




v hys 


Hysteresis voltage 
(V|T+-V|T-) 


Bus 


See Figure 7 


0.4 


0.65 




V 


VOH* 


High-level output voltage 


Terminal 


IOH = -800 jiA 


2.7 


3.5 




V 


Bus 


IOH = -5.2 mA 


2.5 


3.3 




VOL 


Low-level output voltage 


Terminal 


lOL = 1 6 mA 




0.3 


0.5 


V 


Bus 


IOL = 48mA 




0.35 


0.5 


l| 


Input current at maximum 
input voltage 


Terminal 


V| = 5.5V 




0.2 


100 


pA 


l|H 


High-level input current 


Terminal and 


V| = 2.7 V 




0.1 


20 


MA 


IlL 


Low-level input current 


control inputs 


V| = 0.5 V 




-10 


-100 


ma 


v l/0(bus) 


Voltage at bus port 




Driver disabled 


'l(bus) - 0 


2.5 


3.0 


3.7 


V 




l|(bus) = -12mA 


-1.5 










V|(bus) = -1-5Vto0.4V 


-1.3 












V|(bus) = 0.4 V to 2.5 V 


0 




-3.2 




h/0(bus) 


Current into bus port 


Power on 


Driver disabled 


V|(bus) = 2.5 V to 3.7 V 


2.5 
-3.2 


mA 










V|(bus) = 3.7Vto5V 


0 




2.5 












V|(bus) = 5Vto5.5V 


0.7 




2.5 








Power off 


vcc - o, 


V|(bus) = 0Vto2.5V 


-40 


MA 


'OS 


Short-circuit output current 


Terminal 




-15 


-35 


-75 


mA 


Bus 




-25 


-50 


-125 


'cc 


Supply current 




No load, 


TE, DE, and SC low 


110 


mA 


C|/0(bus) 


Bus-port capacitance 




Vcc = 5VtoO, 
V|/o = 0 to 2 V, 


f = 1 MHz 


16 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 
t Vqh applies for 3-state outputs only. 
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switching characteristics, V cc = 5 V, C L = 15 pF, T A = 25°C (unless otherwise noted) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time, 
P LH low- to high-level output 


Terminal 


Bus 


C|_ = 30 pF, 
See Figure 1 


14 20 


ns 


t Propagation delay time, 
l PHL high- to low-level output 


ia on 


Propagation delay time, 
PLH low- to high-level output 


i e rni i rial 


Bus 
/eon MnAP 

NRFD) 


C L = 30 pF, 
See Figure 1 




ns 


Propagation delay time, 
PLH | 0W . to high-level output 


Bus 


Terminal 


C|_ = 30 pF, 
See Figure 2 


10 20 


ns 


., Propagation delay time, 
rni - nign- to low-ievei output 


15 22 


tpZH Output enable time to high level 


TE.DC, 
or 
SC 


Bus (ATN, 
EOl, REN, 
IFC, and 
DAV) 


See Figure 3 


60 


ns 


tpHZ Output disable time from high level 


45 


tPZL Output enable time to low level 


60 


tpi_z Output disable time from low level 


55 


tpZH Output enable time to high level 


TE.DC, 
or 
SC 


Terminal 


See Figure 4 


55 


ns 


tpHZ Output disable time from high level 


50 


tpzL Output enable time to low level 


45 


tpi_Z Output disable time from low level 


55 
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PARAMETER MEASUREMENT INFORMATION 



5V 



4.3 V 



200 Q 



From (Bus) 
Output Under - 
Test 



: Cl = 30 pF 
(see Note A) 



LOAD CIRCUIT 



Test Point 



1 



480 Q 



Terminal 
Input 



— /| See Note 3 |\ 
tPHL 



3 V 

1.5 V 



tPLH 



0V 



Bus 
Output 



/Hv V 
10 A 



VOLTAGE WAVEFORMS 



V 0H 

VOH 



Figure 1. Terminal-to-Bus 
Load Circuit and Voltage Waveforms 



; 240 n 



From (Terminal) 
Output Under - 
Test 



: Cl = 30 pF 
(see Note 



Test Point 



A) ^3kfl 



LOAD CIRCUIT 



Bus 
Input 



/l.5V \lJ 
—l\ See Note B | V 



-1.5V 

| See Note B 
tPLH-^ k- tp HL -W->l 

\j — vh- 

Terminal /1.5V 1.5 Vi 

Output 



VOLTAGE WAVEFORMS 

Figure 2. Bus-to-Terminal 
Load Circuit and Voltage Waveforms 



3V 

ov 
voh 

vol 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50Q. 
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PARAMETER MEASUREMENT INFORMATION 



From (Bus) 
Output Under 
Test 




Test Point 



480 ft 



From (Terminal) 
Output Under 
Test 




4.3 V 



Test Point 



3 kQ 



LOAD CIRCUIT 



LOAD CIRCUIT 




Bus 
Output 
S1 Open 



Bus 
Output 
S1 Closed 



VOLTAGE WAVEFORMS 



Figure 3. Bus Enable and Disable Times 
Load Circuit and Voltage Waveforms 



3V 



-\ / \ r 

Input _yl\^ ^SL N ^!!iL-/|\l o > 



Control 



tpZH 



Output 
Terminal 
S1 Open 



tpZL 



Terminal 
Output 
S1 Closed 




VOLTAGE WAVEFORMS 



vol 



Figure 4. Terminal Enable and Disable Times 
Load Circuit and Voltage Waveforms 



NOTES: A. Cl includes probe and jig capacitance. 

B. The Input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq - 50 Q. 
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TYPICAL CHARACTERISTICS 



> 

i 

<D 

o> 

B 

£ 

"3 

&■ 

3 

o 



3.5 
3 

2.5 
2 

1.5 
1 

0.5 



TERMINAL I/O PORTS 
HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 













! 

vcc = 


5V 

>°c — 














A = ^ 



































































































-5 -10 -15 -20 -25 -30 -35 
lOH ~ High-Level Output Current - mA 

Figure 5 



-40 



> 

i 



O 



0.6 



0.5 



0.4 



0.3 



0.2 



>° 0.1 



TERMINAL I/O PORTS 
LOW-LEVEL OUTPUT VOLTAGE 

vs 

LOW-LEVEL OUTPUT CURRENT 



I 

V C C = 5V 

T A = 25°C 







































































0 10 20 30 40 50 60 
lOL - Low-Level Output Current - mA 

Figure 6 



TERMINAL I/O PORTS 
OUTPUT VOLTAGE 

vs 

BUS INPUT VOLTAGE 



3.5 



> 
I 

o 

ff 2.5 



S 2 



& 

3 

O 
I 

>° 



1.5 



0.5 



I I 

V C C = 5V 
-No Load 


















= 25° 


C 
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 
V| - Bus Input Voltage - V 

Figure 7 
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TYPICAL CHARACTERISTICS 
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GPIB I/O PORTS 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc 

T A = 


= 5 V 

25°C 
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lOH - High-Level Output Current - mA 

Figure 8 
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GPIB I/O PORTS 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



I I 

V CC =5V 
T A = 25°C 





















































































































0 10 20 30 40 50 60 70 80 90 100 
Iql - Low-Level Output Current - mA 

Figure 9 
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GPIB I/O PORTS 
OUTPUT VOLTAGE 
vs 

THERMAL INPUT VOLTAGE 



V C C = 5V 
No Load 



















































































0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 
V| - Input Voltage -V 

Figure 10 
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GPIB I/O PORTS 
CURRENT 

vis 

VOLTAGE 




0 12 3 4 

V|/q- Voltage -V 

Figure 11 
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SUITABLE FOR IEEE STANDARD 488-1978 (GPIB)t 
8-Channel Bidirectional Transceiver 



Designed to Implement Control Bus 
Interface 

Designed for Single Controller 
High-Speed Advanced Low-Power Schottky 
Circuitry 

Low Power Dissipation: 

SN55ALS161 . . . 59 mW Max Per Channel 

SN75ALS161 . . . 46 mW Max Per Channel 
Fast Propagation Times: 

SN55ALS161 ...25 ns Max 

SN75ALS161 . . . 20 ns Max 

High-impedance pnp Inputs 
Receiver Hysteresis: 

SN55ALS1 61 . . . 550 m V Typ 

SN75ALS161 ... 650 mV Typ 
Bus-Terminating Resistors Provided on 
Driver Outputs 

No Loading of Bus When Device Is 
Powered Down (Vqc = 0) 
Power-Up/Power-Down Protection 
(Glitch Free) 



SN55ALS161 ... J OR W PACKAGE 
SN75ALS161 . . . DW OR N PACKAGE 
(TOP VIEW) 



GPIB 
I/O Ports 



TE[ 1 

REN [ 2 
IFC[ 3 
NDAC [ 4 
NRFD [ 5 
DAV[ 6 
EOI [ 7 
ATN [ 8 
SRQ [ 9 
GND [ 10 



3]V CC 
3] REN ' 
18 ] IFC 
17] NDAC 
16 ] NRFD 
l]DAV 
i]EOI 
3] ATN 
2] SRQ - 
]DC 



Terminal 
I/O Ports 



SN55ALS161 . . . FK PACKAGE 
(TOP VIEW) 



P UJ UJ CJ LU 
idb £T h- > DC 

UUUUU 

3 2 1 20 19 



description 



NDAC ] 4 

NRFD ] 5 

DAV ]6 

EOI ]7 

ATN ]8 



9 10 11 12 13 

nnnnn 



18[ IFC 
17[ NDAC 
16[ NRFD 
15[ DAV 
14[ EOI 



O Q O O Z 
DC Z Q DC b 
CO CD CO < 

CHANNEL IDENTIFICATION TABLE 



The SN55ALS1 61 and SN75ALS1 61 eight-channel 
general-purpose interface bus transceivers are 
monolithic, high-speed, advanced low-power 
Schottky process devices designed to provide the 
bus-management and data-transfer signals 
between operating units of a single controller 
instrumentation system. When combined with the 
SN55ALS160 and SN75ALS160 octal bus 
transceivers, the 'ALS161 provides the complete 
1 6-wire interface for the IEEE 488 bus. 

The SN55ALS161 and SN75ALS161 feature eight 
driver-receiver pairs connected in a front-to-back 
configuration to form input/output (I/O) ports at both 
the bus and terminal sides. The direction of data 
through these driver-receiver pairs is determined by 
the DC and TE enable signals. 

The driver outputs general-purpose interface bus (GPIB I/O ports) feature active bus-terminating resistor 
circuits designed to provide a high impedance to the bus when V<x = 0- The drivers are designed to handle loads 
up to 48 mA of sink current. Each receiver features pnp transistor inputs for high input impedance and hysteresis 
of 400 mV on the commercial part, 250 mV on the military part minimum for increased noise immunity. All 
receivers have 3-state outputs to present a high impedance to the terminal when disabled. 

t The transceivers are suitable for IEEE Standard 488 applications to the extent of the operating conditions and characteristics specified in this 
data sheet. Certain limits contained in the IEEE specification are not met or cannot be tested over the entire military temperature range. 



NAME 


IDENTITY 


CLASS 


DC 
TE 


Direction Control 
Talk Enable 


Control 


ATN 


Attention 




SRQ 


Service Request 


Bus 

Management 


REN 
IFC 


Remote Enable 
Interface Clear 


EOI 


End or Identify 




DAV 


Data Valid 


Data 
Transfer 


NDAC 


Not Data Accepted 


NRFD 


Not Ready for Data 



sf publ 

Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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description (continued) 

The SN55ALS161 is characterized for operation from -55°C to 125°C. The SN75ALS161 is characterized for 
operation from 0°C to 70°C. 

logic symbolt 

11 



logic diagram (positive logic) 



QC- 
TE- 



ATN- 



EOI- 



13 



14 



SRQ- 



12 



REN- 



19 



IFC- 



18 



DAV- 



15 



NDAC- 



17 



NRFD- 



16 



EN1/G4 
EN2/G5 



>1 



EN3 



1 V 



V1 



3 V 



V3 



1& 



V1 



> 1 V 



vi 



IV 



V1 



2 V 



72, 



2^ 



V2 



2^ 



V2 



1 



ATN 



EOi 



SRQ 



REN 



IFC 



DAV 



NDAC 



NRFD 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
V Designates 3-state outputs 
& Designates passive-pullup outputs 



ATN 



SRQ 



REN 



DAV 



NDAC 



NRFD 



ATN 



SRQ 




REN 



DAV 



NDAC 



NRFD 
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RECEIVE/TRANSMIT FUNCTION TABLE 



CONTROLS 


BUS-MANAGEMENT CHANNELS 


DATA-TRANSFER CHANNELS 


DC 


TE 


ATNt 


ATNt 


SRQ 


REN 


IFC 


EOI 


DAV 


NDAC NRFD 










(controlled by DC) 








(controlled by TE) 


H 


H 


H 


R 


T 


R 


R 


T 


T 


R R 


H 


H 


L 


R 


L 


L 


H 


T 


R 


T 


T 


R 


R 


T T 


L 


L 


L 


T 


H 


L 


X 


R 


T 


R 


R 


R 


R 


T T 


L 


H 


X 


T 


R 


T 


T 


T 


T 


R R 



H = high level, L = low level, R = receive, T = transmit, X = irrelevant 

Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the terminal side. 
Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC and TE 
inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 
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schematics of inputs and outputs 



EQUIVALENT OF ALL CONTROL INPUTS 

VCC •— — 

9kQ 
NOM 



Input - 



GND- 



-W- 



TYPICAL OF SRQ, NDAC, AND NRFD GPIB I/O PORT 

i™ T"i 




10 

NOM 



Input/Output Port 

Circuit inside dashed lines is on the driver outputs only. 



TYPICAL OF ALL I/O PORTS EXCEPT SRQ, NDAC, NRFD GPIB I/O PORTS 




10 kQ 
NOM 



L-L _J 

Input/Output Port 

Driver output R( eq ) = 30 Q NOM 
Receiver output R( e q) = 110 Q NOM 
R(eq) = equivalent resistor 

Circuit inside dashed lines is on the driver outputs only. 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 

SLLS019D- JUNE 1986- REVISED MAY 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1) 7 V 

Input voltage, Vj 5.5 V 

Low-level driver output current, Iql • 100 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: SN55ALS1 61 -55°C to 1 25°C 

SN75ALS161 0°C to 70°C 

Storage temperature range, T stg -65°Cto 150°C 

Case temperature for 60 seconds: FK package, Tq 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from the case for 60 seconds: J or W package 300°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from the case for 1 0 seconds: DW or N package 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


OPERATING 
FACTOR 


Ta = 70°C 
POWER RATING 


T A = 125°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 




FK 


1375 mW 


11.0 mW/°C 


880 mW 


275 mW 


J 


1375 mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000mW 


8.0 mW/°C 


640 mW 


200 mW 



SN55ALS161 recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


TE and DC at Ta = -55°C to 1 25°C 


2 


V 


Bus and terminal at Ta = 25°C to 125°C 


2 


Bus and terminal at Ta = -55°C 


2.1 


Low-level input voltage, V|l 


TE and DC at Ta = -55°C to 125°C 


0.8 


V 


Bus and terminal at Ta = 25°C to -55°C 


0.8 


Bus and terminal at Ta = 1 25°C 


0.7 


High-level output current, Ioh 


Bus ports with pullups active (Vcc = 5 V) 


-5.2 


mA 


Terminal ports 


-800 


HA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


-55 125 


°C 
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SN75ALS161 recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vjh 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Iqh 


Bus ports with pullups active 


-5.2 


mA 


Terminal ports 


-800 


MA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, T/\ 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature (unless otherwise 
noted) 





PARAMETER 




TEST CONDITIONSt 


SN55ALS161 


SN75ALS161 


UNIT 






MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


Input clamp voltage 




l|=-18mA 




-0.8 


-1.5 




-0.8 


-1.5 


V 




Hysteresis voltage 
(V| T+ -V,t_) 


Bus 






0.4 


0.65 






Vhys 


Bus 


V C C = 5V, 


Ta = -55°C and 25°C 


0.4 


0.55 






V 




V C C = 5V, 


T A =125°C 




0.25 






Vhh§ 


High-level output voltage 


Terminal 


l 0 H = - 800 [iA 


2.7 


3.5 




2.7 


3.5 




v 


Bus 


lOH = " 5.2 mA, 


Vcc = 5 V (SN55') 


2.2 


2.2 






Terminal 


lOL = 16 htA, 


Vcc= MIN 






0.3 


0.5 




0.3 


0.5 




vol 


Low-level output voltage 


Bus 


Iql = 48 mA, 


Vcc= MIN 


Ta = -55°C and 25°C 
(SN55') 




0.35 


0.5 




0.35 


0.5 


V 












T A = 25°C (SN55') 




0.35 


0.5 




0.35 


0.5 




»i 


Input current at maximum 
input voltage 


Terminal 


V| = 5.5 V, 


V C C= MAX 






0.2 


100 




0.2 


100 




»!H 


High-level input current 


Tiorminal 
I ci i nil icu 

and control 
inputs 


V| = 2.7 V, 


Vcc - MAX 






0.1 


20 




0.1 


20 


\iA 


ill.- 


Low-level input current 


V| = 0.5 V, 


Vcc= MAX 






-30 


-100 




-10 


-100 


jiA 


v i/o 






Driver disabled, 


'i(bus) = 0 


2.5 


3 


3.7 


2.5 


3 


3.7 


\j 




Vcc = 5 V (SN55') 


'l(bus) = - 1 2mA 


-1.5 


-1.5 










V|(bus)=-1-5Vto0.4V 


-1.3 


-1.3 










s 


V|(bus) = 0.4 V to 2.5 V 


0 




-3.2 


0 




-3.2 




'I/O 


Current into GPIB I/O port 


Power on 


Driver disabled, 
Vcc = 5 V (SN55') 


V|(bus) = 2.5Vto 3.7 V 


2.5 
-3.2 


2.5 
-3.2 


mA 










V|[bus) = 3.7Vto5V 


0 




2.5 


0 




2.5 












V|(bus) = 5Vto5.5V 


0.7 




2.5 


0.7 




2.5 








Power off 


v C c = o 


V|(bus) = 0to2.5V 


40 


40 


MA 




Short-circuit output current 


Terminal 


Vcc= MAX 


-15 


-35 


-75 


-15 


-35 


-75 


mA 


Bus 


-25 


-50 


-125 


-25 


-50 


-125 




Supply current 




No load, 


TE and DC low, Vcc = MAX 




55 


90 




55 


75 


mA 


Cj/O 


GPIB I/O port capacitance 




Vcc = 0 to 5 V, 


V|/ O = 0to2V, f = 1 MHz 


30 


30 


• PF 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t AH typical values are at Vcc = 5 V, T A = 25°C. 
§ Vqh an d IQS appty to 3-state outputs only. 



2 



o 
o 



o 

m 
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> 



J3 
TJ 
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(/> 

m 



m 

m en 

§» 

30--* 

O ai 
m > 



SN55ALS161, SN75ALS161 
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SN55ALS161 switching characteristics, Vqc = 5 V and C|_ = 50 pF (unless otherwise noted) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


TAt 


MIN TYPt MAX 


UNIT 


Propagation delay time, 
PLH low- to high-level output 


Terminal 


Bus (Except 
SRQ, NDAC, 
and NRFD) 


See Figure 1 


25°C 


10 17 


ns 


Full range 


20 


. Propagation delay time, 
""^ high- to low-level output 


25°C 


10 14 


Full range 


16 


Propagation delay time, 
PLH low- to high-level output 


Terminal 


Bus (NRFD, 
SRQ, NDAC) 


See Figure 2 


25°C 


25 


ns 


Full range 


30 


Propagation delay time, 
"HL high- to low-level output 


25°C 


10 14 


Full range 


16 


Propagation delay time, 
PLH | 0W _ t 0 high-level output 


Bus 


Terminal 


See Figure 2 


25°C 


10 15 


ns 


Full range 


18 


Propagation delay time, 
PHL. high- to low-level output 


25°C 


10 15 


Full range 


18 


tpZH Output enable time to high level 


TE or DC 


Bus (ATN, 
REN, IFC, 
and DAV) 


See Figure 3 


25°C 


20 30 


ns 


Full range 


41 


tpHZ Output disable time from high level 


25°C 


8 14 


Full range 


16 


tpzL Output enable time to low level 


25°C 


16 28 


Full range 


34 


tp[_z Output disable time from low level 


25°C 


10 19 


Full range 


24 


tpzH Output enable time to high level 


TE or DC 


Bus(EOI) 


See Figure 3 


25°C 


24 30 


ns 


Full range 


48 


tpHZ Output disable time from high level 


25°C 


13 19 


Full range 


25 


tpzL Output enable time to low level, 


25°C 


21 35 


Full range 


43 


*PLZ Output disable time from low level 


25°C 


13 20 


Full range 


27 


tpzH Output enable time to high level 


TE or DC 


Terminal 


See Figure 4 


25°C 


24 36 


ns 


Full range 


50 


tpHZ Output disable time from high level 


25°C 


12 20 


Full range 


33 


tPZL Output enable time to low level 


25°C 


20 34 


Full range 


41 


tpLz Output disable time from low level 


25°C 


13 24 


Full range 


35 



t Full range is -55°C to 125°C. 
$ All typical values are at Vcc = 5 v - 
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SN75ALS161 switching characteristics over recommended operating free-air temperature range, 
Vcc = 5V 



PARAMETER 
rAnAME 1 En 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


MIM TVDT MAY 
mlW 1 Trl MAA 


UNIT 


. Propagation delay time, 

tPI w ■ . ■ . ■ i . . . 

low- to nigh-level output 


Terminal 


Bus 


C L *30pF, 
See Figure 1 


10 20 


ns 


Propagation delay time, 
high- to low-level output 


12 20 


PLH | 0W . t0 high-level output 


Bus 


Terminal 


CL = 30pF, 
See Figure 2 


5 10 


ns 


Propagation delay time, 
PHL high- to low-level output 


7 14 


tpZH Output enable time to high level 


TE or DC 


Bus (ATN, EOI, 
REN, IFC, and 
DAV) 


C[_=15pF, 
See Figure 3 


30 


ns 


tpHZ Output disable time from high level 


20 


tpzL Output enable time to low level 


45 


tPLZ Output disable time from low level 


20 


tPZH Output enable time to high level 


TE or DC 


Terminal 


C|_=15pF, 
See Figure 4 


30 


ns 


tpHZ Output disable time from high level 


25 


tpZL Output enable time to low level 


30 


tp|_2; Output disable time from low level 


25 



t All typical values are at Ta = 25°C. 



PARAMETER MEASUREMENT INFORMATION 



5V 



From (bus) 
Output Under 
Test 



[7 V] 

200 Q 
[500 Q] 



Test Point 



CL=30pF 

= [50 pF] 
(see Note A) 

LOAD CIRCUIT 



480 ft 
[500 Q] 



Terminal 
Input 



Bus 
Output 



t|^1.5V \ 15V 
_/| See Note B |\— 

•j 



tPLH 



tPHL 



2.2 V 



1 V- 



3V 
•0V 

VoH 
■VOH 



VOLTAGE WAVEFORMS 



From (terminal) 
Output Under 
Test 



4.3 V 
[7 V] 

; 240 ft 
[500 ft] 



Test Point 



C|_= 30 pF 

= [50 pF] 
(see Note A) 



LOAD CIRCUIT 



3 kft 
[500 ft] 



Bus 
Input 



Terminal 
Output 



1.5V 
| See Note B 
tpLH-j«*l 



1.5 V 



3V 
0V 



—J | See Note B | \ 

tpHL-j^i 



1.5 V 



VOLTAGE WAVEFORMS 



Figure 2. Bus-to-Terminal 
Load Circuit and Voltage Waveforms 



Figure 1. Terminal-to-Bus 
Load Circuit and Voltage Waveforms 

[ ] denotes the SN55ALS1 61 military test conditions. 
NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 ft. 
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PARAMETER MEASUREMENT INFORMATION 



From (bus) 
Output Under 
Test 




#- Test Point 



:CL= !L PF „ k 480 Q 
= [50 pF] > [500 Q] 
(see Note A) T 



From (terminal) 
Output Under 
Test 




:CL=15pF 
= [50 pF] 
(see Note A) 



Test Point 



3kQ 
[500 Q] 



LOAD CIRCUIT 



LOAD CIRCUIT 



\/ V / 3V 

Control -*- 15V ¥i5V 
Input A See Note B A 
f\\ 



tPZH" 



Bus 
Output 
S1 Open 



tpZL 



Bus 
Output 
S1 Closed 



I t PLZ -V*j 



ov 

iphz-H k- 

±^ — V ° H 

■ 90% 



OV 

. » 3.5 V 



Control 
Input 



A / — 

*1.5V 
/IU 



3V 



~\ r 

See Note B 



— 0V 



0.5 V 

Vol 



Terminal 
Output 
S1 Open 



Terminal 
Output 
S1 Closed 




VOLTAGE WAVEFORMS 



Figure 3. Bus Load Circuit and 
Voltage Waveforms 



VOLTAGE WAVEFORMS 

Figure 4. Terminal Load Circuit and 
Voltage Waveforms 



vol 



[] denotes the SN55ALS1 61 military test conditions. 
NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50Q. 
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TYPICAL CHARACTERISTICS 



TERMINAL I/O PORTS 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



TERMINAL I/O PORTS 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



> 

i 



3 
O 

! 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 













I I 

V C C = 5V 












■i 







































































































> 

I 

<D 
O) 

JS 
I 

o 

1 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



I 

Vcc = 5 V 
Ta = 25°C 







































































-5 -10 -15 -20 -25 -30 -35 
Iqh - High-Level Output Current - mA 

Figures 



-40 



10 20 30 40 50 60 
Iql - Low-Level Output Current - mA 

Figure 6 



TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 



> 

i 

a 
s 
§ 

3- 

3 

o 

15 
c 

E 

.2 

i 

>° 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



I I 

V C C=5V 
No Load 
















ta 


= 25 


°C 








-4- 
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r V|T 
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
V| - Bus Input Voltage - V 

Figure 7 
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TYPICAL CHARACTERISTICS 



> 

i 

o 



t 

o 

I 



X 

>° 



> 3 

© 

at 
B 

1 

I 2 
O 

a 
m 

i 

o 1 



GPIB I/O BUS 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc = 

Ta = S 


:5V 
25°C 







































0 -10 -20 -30 -40 -50 
Iqh - High-Level Output Current - mA 

Figure 8 



BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 



-60 



r™ r~ 

V C C = 5V 
No Load 

T« _ OK©/-* 












■A 







































































0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 
V| - Terminal Input Voltage - V 

Figure 10 
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GPIB I/O BUS 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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10 20 30 40 50 60 70 80 90 100 
Iql ~ Low-Level Output Current - mA 
Figure 9 

GPIB I/O BUS 
CURRENT 
vs 

VOLTAGE 
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i ne unsnaaea Area 3 
Conforms to Paragraph 3.5.3 i 
of IEEE Standard 488-1978 4 

I I I I 















0 1 2 3 4 
V|/o- Voltage -V 

Figure 11 
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MEETS IEEE STANDARD 488-1978 (GPIB) 



8-Channel Bidirectional Transceiver 

Designed to Implement Control Bus 
Interface 

Designed for Multicontrollers 

High-Speed Advanced Low-Power Schottky 
Circuitry 

Low-Power Dissipation ... 46 mW Max per 
Channel 

Fast Propagation Times . . . 20 ns Max 
High-Impedance PNP Inputs 
Receiver Hysteresis . . . 650 mV Typ 
Bus-Terminating Resistors Provided on 
Driver Outputs 

No Loading of Bus When Device Is 
Powered Down (Vqc = 0) 
Power-Up/Power-Down Protection 
(Glitch Free) 



DW PACKAGE 
(TOP VIEW) 



GPIB 
I/O Ports 



SC[ 1 
TE[ 2 
REN[ 3 
IFC[ 4 
NDAC[ 5 
NRFD[ 6 
DAV[ 7 
EOl[ 8 
ATN[ 9 
. SRQ[ 10 
NC[ 11 
GND[ 12 




. Terminal 
I/O Ports 



N PACKAGE 
fTOP VIEW) 



description 



GPIB 
I/O Ports 




> Terminal 
I/O Ports 



The SN75ALS162 eight-channel general-purpose 
interface bus (GPIB) transceiver is a monolithic, 
high-speed, advanced low-power Schottky process 
device designed to provide the bus-management 
and data-transfer signals between operating units 
of a multiple-controller instrumentation system. 
When combined with the SN75ALS160 octal bus 
transceiver, the SN75ALS162 provides the 
complete 16-wire interface for the IEEE 488 bus. 

The SN75ALS1 62 features eight driver-receiver 
pairs connected in a fronMo-back configuration to 
form input/output (I/O) ports at both the bus and 
terminal sides. The direction of data through these driver-receiver pairs is determined by the DC, TE, and SO 
enable signals. The SC input allows the REN and IFC transceivers to be controlled independently. 

The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a high 
impedance to the bus when Vcc = 0- The drivers are designed to handle loads up to 48 mA of sink current. Each 
receiver features pnp transistor inputs for high input impedance and hysteresis of 400 mV minimum for 
increased noise immunity. All receivers have 3-state outputs to present a high impedance to the terminal when 
disabled. 



NC-No internal connection 



The SN75ALS162 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information Is current as of publication date. ■ _ Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Production processing does not necessarily Include TV->"w m. 
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logic symbolt 



CHANNEL IDENTIFICATION TABLE 



NAME 


IDENTITY 


CLASS 


DC 


Direction Control 




TE 


Talk Enable 


Control 


SC 


System Control 




ATN 


Attention 




SRQ 


Service Request 




REN 


Remote Enable 


Bus Management 


IFC 


Interface Clear 




EOI 


End or identify 




DAV 


Data Valid 




NDAC 


No Data Accepted 


Data Transfer 


NRFD 


Not Ready for Data 





logic diagram (positive logic) 



DC 
TE 
SC 



ATN 

EOI 

SRQ 
REN 
IFC 
DAV 
NDAC 
NRFD 



12 


2 


1 










14 


t 


< 








> — — 








, — 


19 

— ^ — < 










t — _ 

I— *- 




17 


h- — 




— 4 


> — 







EN1/G4 
EN2/Q5 
EN3 



> 1 



EN6 



1 V 



V1 



JT 



6 V 



V6 



V 1 



JT 



3 V 



V3 



V3 



2 V 



2£ 



V2 



2& 



V2 



1 



10 



ATN 



EOI 



SRQ 



REN 



IFC 



DAV 



NDAC 



NRFD 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
V Designates 3-state outputs 
& Designates passive-pullup outputs 



ATN 



SRQ 



REN 



DAV 



NDAC 



NRFD 



ATN 



SRQ 




REN 



DAV 



NDAC 



NRFD 



Pin numbers shown are for the N package. 
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RECEIVE/TRANSMIT FUNCTION TABLE 



CONTROLS 


BUS-MANAGEMENT CHANNELS 


DATA-TRANSFER CHANNELS 


SC 


DC 


TE 


ATNt 


ATNt 


SRQ 


REN IFC 


EOI 


DAV 


NDAC NRFD 










(controlled by DC) 


(controlled by SC) 






(controlled by TE) 




H 


H 


H 


R 


T 




T 


T 


R R 




H 


H 


L . 




R 




L 


L 


H 


T 


R 




R 


R 


T T 




L 


L 


L 




T 




H 


L 


X 


R 


T 




R 


R 


T T 




L 


H 


X 


T 


R 




T 


T 


R R 


H 












T T 








L 












R R 









H ■ high level, L » low level, R = receive, T = transmit, X - irrelevant 

Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the terminal side. 
Data transfer is noninverting in both directions. 

t ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC and TE 
inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 

schem atics of inputs and outputs 



EQUIVALENT OF ALL 
CONTROL INPUTS 



vcc 



Input 



GND 




TYPICAL OF SRQ, NDAC, AND NRFD 
GPSB I/O PORT 




Input/Output Port 

Circuit inside dashed lines is on the driver outputs only. 



GND 



TYPICAL OF ALL I/O PORTS EXCEPT SRQ, NDAC, NRFD GPIB I/O PORTS 

rz n 




v C c 



Input/Output Port 

Driver output R( eq ) = 30 Q NOM 

Receiver output R( e qj = 110 0 NOM 

Circuit inside dashed lines is on the driver outputs only. 

R (eq) = equivalent resistor 



- GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) — 7 V 

Input voltage, V| — 5.5 V 

Low-level driver output current, Iql — ■ — — 100 mA 

Continuous total dissipation ...... See Dissipation Rating Table 

Operating free-air temperature range, — 0°C to 70°C 

Storage temperature range, T stg — - 65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 


T A = 70°C 
POWER RATING 


DW 
N 


1350 mW 
1700 mW 


10.8mW/°C 
13.6 mW/°C 


864 mW 
1088mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc ~* 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low level input voltage, Vil 


0.8 


V 


High-level output current, Ioh 


Bus ports with 3-state outputs 


-5.2 


mA 


Terminal ports 


-800 


MA 


Low-level output current, Iql 


Bus ports 


48 


mA 


Terminal ports 


16 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V IK 


input ciamp voi lay e 




|| 13 rnA 




- 0.8 


-1.5 


v 


Vhys 


Hysteresis voltage 
(V|T+-V|T-) 


Bus 




0.4 


0.65 




V 


VOH* 


High-level output voltage 


Terminal 


IOH = -800mA 


2.7 


3.5 




V 


Bus 


l0H = -5.2 mA 


2.5 


3.3 




vol 


Low-level output voltage 


Terminal 


IOL= 16 mA 




0.3 


0.5 


V 


Bus 


Iql = 48 mA 




0.35 


0.5 


ll 


Inm it r*i irront at 
ii ipui isui id ii ai 

maximum input voitage 


Terminal 


V| = 5.5 V 




0.2 


100 




>IH 


High-level input current 


Terminal and 


V| = 2.7V 




0.1 


20 


HA 


IlL 


Low-level input current 


control inputs 


V| = 0.5 V 




-10 


-100 


MA 


V|/0(bus) 


Voltage at bus port 




Driver disabled 


'l(bus) = 0 


2.5 


3.0 


3.7 


V 




l|(bus) = -12mA 


-1.5 










Vi(bus)=- 1 - 5V to0.4V 


-1.3 












V|(bus) = 0-4Vto2.5V 


0 




-3.2 




l|/0(bus) 


Current into bus port 


Power on 


Driver disabled 


V|(bus) = 2-5Vto 3.7 V 


+ 2.5 
-3.2 


mA 








V|(bus) = 3.7Vto5V 


0 




2.5 












V|(bus) = 5Vto5.5V 


0.7 




2.5 








Power off 


v C c = o, 


V|(bus)»0to2.5V 


-40 


MA 


'OS 


Short-circuit output 


Terminal 






-15 


-35 


-75 


mA 


current 


Bus 






-25 


-50 


-125 


'cc 


Supply current 




No load, 


TE, DC, and SC low 




55 


75 


mA 


C|/0(bus) 


Bus-port capacitance 




V C c = 0 to 5 V, 


V|/o = 0to2V,f=1 MHz 


30 


PF 



t All typical values are at Vqc = 5 V, T/\ = 25°C. 
$ Vqh applies to 3-state outputs only. 
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switching characteristics over recommended range of operating free-air temperature, Vqq = 5 V 



DA DAMCTCD 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


BJIM TVDt y«y 
MIIM 1 IPl MAA 


1 IMIT 

UNI 1 


. Propagation delay time, 

IP! M 1 . 1 • 1 ! 1 . . 

low- to high-level output 


Terminal 


Bus 


C|_ = 30 pF, 
See Figure 1 


10 20 


ns 


Propagation delay time, 
high- to low-level output 


12 20 


Prr\r»ariatl/"\n r\e>\o\i timo 
, r lUpageJllUi 1 Ucldy UiHo, 

PLH low- to high-level output 


Bus 


Terminal 


C L = 30 pF, 
See Figure 2 


5 10 


ns 


Propagation delay time, 
rnL high- to iow-level output 


7 14 


tpzH Output enable time to high level 


TE, DC, orSC 


Bus 
(ATM, EOI, 
REN, IFC, 
and DAV) 


C|_ = 15pF, 
See Figure 3 


30 


ns 


tpHZ Output disable time from high level 


20 


tPZL Output enable time to low level 


45 


tpi_z Output disable time from low level 


20 


tpzH Output enable time to high level 


TE, DC, or SC 


Terminal 


C|_ = 15pF, 
See Figure 4 


30 


ns 


tpHZ Output disable time from high level 


25 


tpzL Output enable time to low level 


30 


tp[_z Output disable time from low level 


25 



t All typical values are at T/\ = 25°C. 



PARAMETER MEASUREMENT INFORMATiON 

5V 



4.3 ¥ 



: 200 Q 



From (bus) 
Output Under " 
Test 



Test Point 



C L =30 pF 

(see Note A) > 480 ft 



i 



LOAD CIRCUIT 



Terminal 
Input 



/wT \l5V 
— / i See Note B , \_ 



1.5 V 

| See Note B j 
tPLH-k-#| tpHL 



Bus 
Output 



1.0V 

VOLTAGE WAVEFORMS 



3V 
0V 
VOH 

vol 



Figure 1. Terminal-to-Bus Load Circuit 
and Voltage Waveforms 



» 240 Q 



From (terminal) 

Output Under 
Test 



: Cl =30 pF 
(see Note 



- Test Point 



A) |< 



3kQ 



LOAD CIRCUIT 



Bus 
Input 



1.5 V 

' I See Note B 



,5 V 



tPLH 



tPHL 



Terminal 
Output 



J/f~USV m 1.5 vN ^ 



3V 
0V 
VOH 

vol 



VOLTAGE WAVEFORMS 



Figure 2. Bus-to-Terminal Load Circuit 
and Voltage Waveforms 



NOTES: A. C[_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50CX 
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PARAMETER MEASUREMENT INFORMATION 



From (bus) 
Output Under 
Test 




Test Point 



C L = 15pF 
(see Note A) < Q, 



From (terminal) 
Output Under 
Test 




4.3 V 



Test Point 



C L = 15pF 
(see Note A) < 



3 kQ. 



LOAD CIRCUIT 



LOAD CIRCUIT 



Control 



y/ v / 3V 

']\ ov 



1.5 V , 



Input " See Note B 



tPZH • 

Bus 
Output 
S1 Open 



tPHZ 



tpZL — 1*~ 



— V 0H 

90% 



*PLZ 



Bus 
Output 
SI Closed 



OV 
*3.5V 



1 V 



•0.5 V v , 

vql 



Control 



^ „ 

X1.5V 



3V 



% 1 5 V 

Input /T v ' See Note B 
f\\ . ™ 



tpZH 

Terminal 
Output 
S1 Open 



tpZL 



Terminal 
Output 
S1 Closed 



tPHZ 



tPLZ 



0V 



^90% 



V 0 H 

• 0V 

■ «4V 



Vql 



VOLTAGE WAVEFORMS 

Figure 3. Bus Load Circuit and 
Voltage Waveforms 



VOLTAGE WAVEFORMS 

Figure 4. Terminal Load Circuit and 
Voltage Waveforms 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 O. 
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TYPICAL CHARACTERISTICS 



> 

i 



3 
& 

8 
1 



X 

I 

X 

>° 



4 

3.5 
3 

2.5 
2 

1.5 
1 

0.5 

0 



TERMINAL 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 













I I 

V C C = 5V 












■i 







































































































-5 -10 -15 -20 -25 -30 -35 -40 
'OH ~ High-Level Output Current - mA 

Figure 5 



> 

i 

o 



3 

a- 

3 

o 

1 

o 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



TERMINAL 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



v C c 

Ta = ' 


= 5V 

25°C 







































































10 20 30 40 50 60 
lOL ~ Low-Level Output Current - mA 

Figure 6 



3 



3 

a- 



>° 



TERMINAL OUTPUT VOLTAGE 
vs 

BUS INPUT VOLTAGE 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



I I 

V C C = 5 V 
No Load 








-4- 










= 25 


»c 












r— 




















































1 


V|T 






i v r 

















































































0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
V| - Bus Input Voltage - V 

Figure 7 
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TYPICAL CHARACTERISTICS 



> 

i 



4- 

3 

I 

i 

CD 
X 

I 

X 

.p 



BUS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











v C c = 

Ta s J 


= 5V 

25°C 







































-10 -20 -30 -40 -50 -60 
'OH - High-Level Output Current - mA 
Figure 8 



> 

i 



& 

3 

o 

© 
-I 

I 



0.6 



0.5 



0.4 



0.3 



0.2 



0.1 



BUS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



■A 


_ 25 


,v 

"C 





















































































































0 10 20 30 40 50 60 70 80 90 100 
Iql ~ Low-Level Output Current - mA 
Figure 9 



> 

i 

2> 3 



a- 
o 



CO 

I 



BUS OUTPUT VOLTAGE 
vs 

TERMINAL INPUT VOLTAGE 



I"" I ■ 

V C C = 5 V 
No Load 

T. _ OKO^ 












■A 







































































0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 
V| - Terminal Input Voltage - V 
Figure 10 



< 
E 

i 

I 

3 

o 

I 



p 



BUS 
CURRENT 
vs 

VOLTAGE 



I "i 












I 


V C C = 5V 












'A 








































































































































































i ne unsnaaea area i 
Conforms to Paragraph 3.5.3 s 
of IEEE Standard 488-1978 1 

I I I I 















-10 1 2 3 4 
V|/0(bus)- Voltage -V 
Figure 11 
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TRIPLE DIFFERENTIAL BUS TRANSCEIVER 
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Three Bidirectional Transceivers 

Driver Meets or Exceeds ANSI Standard 
EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11 

Two Skew Limits Available 

Designed to Operate Up to 20 Million Data 

Transfers per Second (FAST-20 SCSI) 

High-Speed Advanced Low-Power Schottky 
Circuitry 

Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

Wide Positive and Negative Input/Output 
Bus Voltage Ranges 
Driver Output Capacity . . . ±60 mA 
Thermal Shutdown Protection 

Driver Positive- and Negative-Current 
Limiting 

Receiver Input Impedances . . . 12 k& Min 
Receiver Input Sensitivity . . . ±300 mV Max 
Receiver Input Hysteresis . . . 60 mV Typ 
Operates From a Single 5-V Supply 
Glitch-Free Power-Up and Power-Down 
Protection 

Features Independent Direction Controls 
for Each Channel 



description 



The SN75ALS170 and SN75ALS170A triple 
differential bus transceivers are monolithic 
integrated circuits designed for bidirectional data 
communication on multipoint bus transmission 
lines. It is designed for balanced transmission 
lines and the driver meets ANSI Standards 
EIA/TIA-422-B and RS-485 and both the driver 
and receiver meet ITU Recommendation V.11. 
The SN75ALS170A is designed for FAST-20 
SCSI and can transmit or receive data pulses as 
short as 30 ns with a maximum skew of 5 ns. 

AVAILABLE OPTIONS 



SKEW LIMIT 


PART NUMBER 


10 ns 


SN75ALS170DW 


SN75ALS170J 


5 ns 


SN75ALS170ADW 





DW PACKAGE 




(TOP VIEW) 


iU L 


u 

1 


20 


]1B 


1DIR [ 


2 


19 


]1A 


NC[ 


3 


18 


]NC 


GND[ 


4 


17 


]nc 


NC[ 


5 


16 


]v C c 


2D[ 


6 


15 


]2B 


2DIR[ 


7 


14 


]2A 


NC[ 


8 


13 


]3B 


3D[ 


9 


12 


]3A 


3DIR[ 


10 


11 


]NC 



NC - No internal connection 

J PACKAGE 
(TOP VIEW) 



1D[ 


1 


u 

14 


]1B 


1DIR[ 


2 


13 


]1A 


GND[ 


3 


12 


]v C c 


2D[ 


4 


11 


]2B 


2DIR[ 


5 


10 


]2A 


3D[ 


6 


9 


]3B 


3DIR[ 


7 


8 


]3A 



Function Tables 

EACH DRIVER 



INPUT 


DIR 


OUTPUTS 


D 




A 


B 


H 


H 


H 


L 


L 


H 


L 


H 


X 


L 


Z 


Z 


EACH RECEIVER 


DIFFERENTIAL INPUTS 
A-B 


DIR 


OUTPUT 
R 


V| D >0.3V 


L 


H 


-0.3 V<V| D < 0.3 V 


L 


? 


V| D < 


-0.3 V 


L 


L 




X 


H 


Z 


Open 


L 


H 



H = high level, L = low level, ? = indeterminate; 
X = irrelevant, Z = high impedance (off) 



PRODUCTION DATA information is current as of publication data. — Copyright ©1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 

standard warranty. Production processing does not necessarily Include vt*4P TVva 

testing of all parameters. ^jf 1EXAS 
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description (continued) 

The SN75ALS1 70 and SN75ALS1 70A operate from a single 5-V power supply. The drivers and receivers have 
active-high and active-low enables, respectively, which are internally connected together to function as a 
direction control. The driver differential outputs and the receiver differential inputs are connected internally to 
form differential input/output (I/O) bus ports that are designed to offer minimum loading to the bus when the 
driver is disabled or Vqc = 0- These ports feature wide positive and negative common-mode voltage ranges 
making the device suitable for party-line applications. 

The SN75ALS170 and the SN75ALS170A are characterized for operation from 0°C to 70°C. 



logic symbolt 
2 



1DIR 

1D,- 



2DIR- 
2D- 



3DIR- 

3D- 



10 



EN 



EN 

V 



EN 



EN 

V 



EN 



EN 

V 



19 



20 



1A 
1B 



14 



15 



2A 
2B 



12 



13 



3A 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Pin numbers shown are for the DW package. 



logic diagram (positive iogic) 

2 



1DIR 
1D 



2DIR 
2D 





— i 


> 

20 




1 — 




D 









— ( 


t 

15 




h- 




t 







1A 
1B 



2A 
2B 



3DIR 
3D 



10 



to 



12 



13 



3A 
3B 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc- 



Input 




Driver Input: R( e q) = 12 kD NOM 
Enable Inputs: R( 6 q) = 8 kQ NOM 
R (eq) = equivalent resistor 



TYPICAL OF A AND B I/O PORTS 
V CC 




3kQ 
NOM 



1.1 kQ 
NOM 



TYPICAL OF RECEIVER OUTPUT 
V C C 




Output 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x (see Note 1 ) — . 7 V 

Voltage range at any bus terminal -7 V to 1 2 V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g . . . . . -65°Cto 150°C 

Lead temperature 1,6 mm (1/1 6 inch) from case for 10 seconds: DW package 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J package 300°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 


DERATING FACTOR 


Ta = 70°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


J 


1025 mW 


8.2 mW/°C 


656 mW 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-407 



SN75ALS170, SN75ALS170A 

TRIPLE DIFFERENTIAL BUS TRANSCEIVER 

SLLS055D - AUGUST 1987 - REVISED SEPTEMBER 1995 ; 



recommended operating conditions 





MIN TYP MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), Vj or Vic 


12 


V 


-7 


High-level input voltage, V|h 


D, DIR 


2 


V 


Low-level input voltage, Vj|_ 


D, DIR 


0.8 


V 


Differential input voltage, Vjd (see Note 2) 


±12 


V 


High-level output current, Iqh 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


0 70 


°C 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V| k I nput clamp voltage 


l|=-19mA 


-1.5 


V 


Vo Output voltage 


io-o 


0 6 


V 


Voh High-level output voltage 


Vcc = 4-75 V, V|H = 2 V, 
V|L = 0.8 V, Ioh = "55 mA 


2.7 


V 


Vol Low-level output voltage 


V C C = 4 - 75 V, V| H = 2 V, 
V|L = 0.8 V, Iql = 55 mA 


1.7 


v 


I Vqdi I Differential output voltage 


io-o 


1.5 6 


V 


I VqD2 I Differential output voltage 


RL= 100Q, See Figure 1 


1/2V 0 D1 
or 2§ 


V 


RL = 54 Q, See Figure 1 


1.5 2.5 5 


V 


v OD3 Differential output voltage 


v test = -7 V to 12 V, See Figure 2 


1.5 5 


V 


. . . , , Change in magnitude of differential output 
AIV ODl V0 |t a ge1 


RL = 540Qor 100Q, See Figure 1 


±0.2 


V 


Vqc Common-mode output voltage 


3 


V 


~1 


k ... . Change in magnitude of common-mode 
AIVocl output voltage^ 


±0.2 


V 


lO Output current 


Output disabled, 
See Note 3 


Vq = 12V 


1 


mA 


V 0 = -7 V 


-0.8 


l|H High-level input current 


V| = 2.4 V 


20 


MA 


l|L Low-level input current 


V| = 0.4V 


-400 


HA 


lOS Short-circuit output current 


Vo = -6V 


-250 


mA 


v 0 = o 


-150 


v 0 = v C c 


250 


Vq = 8V 


250 


ICC Supply current 


No load 


Outputs enabled 


69 90 


mA 


Outputs disabled 


57 78 



t The power-off measurement in ANSI Standard EIA/TIA-422-B applies to disabled outputs only and is hot applied to combined inputs and outputs. 
* All typical values are at Vcc = 5 V and Ta = 25°C. 

§ The minimum Vqd2 with a 1 00-Q load is either 1/2 Vqdi or 2 V, whichever is greater. 

^ A I Vqd 1 and A ! Vqc 1 a re the changes in magnitude of Vqd and Vqc respectively, that occur when the input is changed from a high level to a 
low level. 

NOTE 3: This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The EIA/TIA-422-B limit does not apply for 
a combined driver and receiver terminal. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


td(OD) Differential output delay time 


ALS170 


RL = 54Q, Ci_ = 50pF, 
Ta =25°C, See Figure 3 


3 8 13 


ns 


ALS170A 


5.5 8 10.5 


ALS170 


R L1 = R L3 = 1 65 Q, R|_2 = 75 a 

= ou pr, I a -<-0 <-», 
See Figure 4 


3 8 13 


ALS170A 


5.5 8 10.5 


*sk(p) Pulse skew* 


R|_ = 54 Cl, C|_ = 50 pF, 
See Figure 3 


1 5 


ns 


"L1 = "L3 = 1°° "L2 = '5 £2, 
Cl - 60 pF, See Figure 4 


1 5 


ns 


tskflim) Skew limit§ 


ALS170 


RL = 54Q, CL = 50pF, 
See Figure 3 


10 


ns 


ALS170A 


5 


ALS170 


R L1 « R L3 = 165 Q, Rl2 = 75Q, 
CL = 60pF, See Figure 4 


10 


ALS170A 


5 


tt(OD) Differential-output transition time 


RL « 54 Cl, Cl - 50 pF, 
See Figure 3 


3 8 13 


ns 


R L1 = R L3 = 1 65 Cl, Rl2 = 75 Q, 
Cl = 60 pF, See Figure 4 


3 8 13 



t All typical values are at Vqc = 5 V and Ta = 25°C. 

$ Pulse skew is defined as the ltd(ODH)-*d(ODL) 1 ° f eacn channel. 

§ Skew limit is the maximum difference in propagation delay times between any two channels of one device and between any two devices. This 
parameter is applicable at one Vrjc and operating temperature within the recommended operating conditions. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


v 0 


Voa.Vob 


Voa.Vob 


1 V 0 D1 I 


v 0 


v 0 


I VOD2 I 


V t (Rl= 100 Cl) 


V t (Rl = 54 Cl) 


IV 0 D3' 




Vt (Test Termination 
Measurement 2) 


v test 




Vtst 


AIVqdI 


IIV t l~IVtli 


llVtl-IVtll 


voc 


IVoel 


IV 0S I 


A I V 0 C I 


IV 0S -V 0S I 


IVos-Vos" 


'OS 


MsaMlsbl 




'O 


HxaUlxbl 


<ia> >ib 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIKi TVD+ 11 AY 

IVIIN ITrl MAa 


UNIT 


V|t+ Positive-going input threshold voltage 


Vq = 2.7V, |q» -0.4 mA 


U.o 


V 


V|t_ Negative-going input threshold voltage 


Vo = 0.5 V, lo = 8 mA 


— U.O + 


V 


^hys Hysteresis voltage (V|j + — V|t_) 




60 


mV 


V|k Enable-input clamp voltage 


l| = -18 mA 


— 1 .5 


V 


Vqh High-level output voltage 


V|D = 300 mV, Iqh = -400 \iA, 
See Figure 5 


2.7 


V 


Vql Low-level output voltage 


V|D = -300 mV, Iol = 8 mA, 
See Figure 5 


0.45 


V 


loz High-impedance-state output current 


Vo = 2.4V 


20 


HA 


Vq = 0.4 V 


-400 


1 1 Line input current 


Other input = 0, 
See Note 4 


V| = 12V 


1 


mA 


V| =-7 V 


-0.8 


1 1 h High-level enable-input current 


V| H = 2.7 V 


20 


HA 


l|L Low-level enable-input current 


V|L = 0.4V 


-100 


HA 


rj Input resistance 




12 


k£2 


'OS Short-circuit output current 


V| D = 300 mV, Vq = 0 


-15 -85 


mA 


ICC Supply current 


No load 


Outputs enabled 


69 90 


mA 


Outputs disabled 


57 78 



t All typical values are at Vcc = 5 V and T A = 25°C. 

t The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 4: This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Propagation delay time, low-to-high-level 
PLH output 


ALS170 


V| D =: -1.5 V to 1.5 V, 
C|_=15pF, Ta = 25°C, 
See Figure 6 

V|D = -1.5 V to 1.5 V, 

C|_ = 1 5 pF, See Figure 6 


9 19 


ns 


ALS170A 


11.5 16.5 


. Propagation delay time, high-to-low-level 
PHL output 


ALS170 


9 19 


ns 


ALS170A 


11.5 16.5 


tsk(p) Pulse skew§ 


ALS170 


2 6 


ns 


ALS170A 


5 


tskflim) Skew limitf 


ALS170 


10 


ns 


ALS170A 


5 



t All typical values are at Vqc = 5 V and Ta = 25°C. 
§ Pulse skew is defined as the I tp|_H~t PHL' of each channel. 

^ Skew limit is the maximum difference in propagation delay times between any two channels of one device and between any two devices. This 
parameter is applicable at one Vcc and operating temperature within the recommended operating conditions. 



Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 2-411 



SN75ALS170, SN75ALS170A 

TRIPLE DIFFERENTIAL BUS TRANSCEIVER 

SLLS055D - AUGUST 1 987 - REVISED SEPTEMBER 1 995 



PARAMETER MEASUREMENT INFORMATION 



^> VQD2 



RL 
2 

_ .oc 



Figure 1. Driver Vqd and Vqc 

375 G 



V0D3 | 60 ^ 

375 Q 



Vtest 

1 



Figure 2. Driver Vqd3 



Generator 
(see Note A) 



50 Q 



RL = 54 Q 



.C L = 50 pF 
* (see Note B) 



Input 
Output td(ODH) 



/ T" 3V 

it / 1.5 V \ 1.5 V 
— /| |\ -0V 



k- td(ODL) 
J- — — ~2.5V 



3V 



Output 50%/l Pt 50% 

10%/! ll^-MY 



tt(OD)"H 



-W W- tt(OD) 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50Q. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 




_C 1 C L = 60 pF 
- -""p (see Note B) 



RL2 = 75Q 



Output 



RL3 = 165Q 



TCl = 60 pF 
__ (see Note B) 



3 V S1to5V 
S2 toOV 

•0V 



td(ODH) k- -+| k- 

1 | 1 

output ov>T 90%90% lSLov 

output 100/0^1 yi2%»-2.! 



Input 



1.5 V 



3 V S1 to 0 V -v 
S2 to 5 V 

OV 



2.9 V 
9 V 



td(ODH)-*J j*- -*j k~ *d(ODL) 

nv bp 90% 90% HS" ZVT as2,3V 
0ut put io°^ 



*t(OD7-N k- -w k- tt(OD) 

VOLTAGE WAVEFORMS 



, I I J |^— 2.9V 

tt(OD>-* k- -N *- tt(OD) 

VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 Q. 
B. Cl includes probe and jig capacitance. 

Figure 4. Driver Test Circuit and Voltage Waveforms With Double-Differential-SCSI 

Termination for the Load 



Lr-iA v oh 

I /dS I + iol 



vol 



-<OH 



Figure 5. Receiver Vqh and Vql 
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PARAMETER MEASUREMENT INFORMATION 



Generator 
(see Note A) 




J 51 Q 
1 1.5 V— ^| 



Output 



OV 



Cl = i5pf; 

(see Note B) 



Input /1.5 V 
tpLH 

Output /1.3 V 




3V 

1.5 V 

OV 
tpHL 

_J V 0H 

1.3 V 

vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 
B. C[_ includes probe and jig capacitance. 

Figure 6. Receiver Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 



> 

i 



3 

o 



A 
o> 
if 
i 

x 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 
1 

0.5 
0 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc = 


:5V 










T A = 5 


!5°C 



































































































-20 -40 -60 -80 -100 
lOH ~ High-Level Output Current - mA 

Figure 7 



-120 



> • 
I 

I 

3 
I 

& 

3 

O 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
Q 



_ v cc = 


= 5V 























































































































20 40 60 80 100 
lOL ~ Low-Level Output Current - mA 

Figure 8 
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TYPICAL CHARACTERISTICS 



> 

i 

© 
D> 

5 
§ 

S- 

3 

o 



i 

5 

I 

Q 
>° 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

















I I 

V C C = 5V 


















= 25° 


C 



























































































































> 

I 



> 

3 

a- 

3 

O 

? 



I 

X 

.p 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



V, D = 0 
T A = 25 


3V 
°C 






















V CC = 5 

vc 

s 


.25 V 
C = 5V 




vcc = 


4.75 V 



















0 10 20 30 40 50 60 70 80 90 100 
Iq - Output Current - mA 



-10 -20 -30 -40 
Iqh - High-Level Output Current - mA 



-50 



Figure 9 



Figure 10 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 

vs 

FREE-AIR TEMPERATURE 



RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



> 

i 



Br 

B 
I 

D> 
X 

I 

X 



-I 1 

V CC = 5V 
V| D = 300 mV 
Iqh = - 440 \xA 













































































> 

I 

o 



3 

O 



Vcc = 5 V 
T A = 25°C 
V| D = -300 mV 



-40 -20 0 20 40 60 80 100 120 
T A - Free-Air Temperature - °C 




5 10 15 20 25 30 
Iql - Low-Level Output Current - mA 



Figure 11 



Figure 12 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-415 



SN75ALS170, SN75ALS170A 

TRIPLE DIFFERENTIAL BUS TRANSCEIVER 

SLLS055D- AUGUST 1987- REVISED SEPTEMBER 1995 



TYPICAL CHARACTERISTICS 



0.6 



> 

i 

g> 
s 

I 

§ 

2 0.3 



0.5 



0.4 



0.2 



0.1 



RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



" — I 1 

V CC = 5V 
V| D = -300 mA 



> 

I 

© 
JS 



O 

I 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



1 1 

V| D = 0.3V 
Load = 8 to GND 
Ta = 25°C 

- V C C = 5.25 V 



V C C = 4.75 V 



V C C = 5V 



-40 - 20 0 20 40 60 80 100 120 
Ta - Free-Air Temperature - °C 

Figure 13 



0.5 1 1.5 2 2.5 
V|- Enable Voltage -V 

Figure 14 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



> 

i 



3 

t 

O 

I 

>° 



I I 

V| D = 0.3V 

1 oaH - 1 IrO tn \lr*r* 


I I 

V C C = 5.25 V 


■ Ta = 25°C 


























vcc = 


4.75 V 




vcc = 


5V ^ 
























-I 



























0.5 1 1.5 2 
V|- Enable Voltage -V 

Figure 15 



2.5 3 
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APPLICATION INFORMATION 



1/3 SN75ALS170 



1/3 SN75ALS170 




>See Note A 



n- 
t>- 

/ \ yY Transceivers W / \ 

\^ I I \^ 

NOTE A: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as 
possible. 



Figure 16. Typical Application Circuit 



4 V to 5.25 V 
330 ft : 



4Vto 5.25V 
330 ft 



150 Q: 



330 Q 




^7 Up to 16 
Transceivers 




150 ft 



330 ft 



Figure 17. Typical Differential SCSI Application Circuit 
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APPLICATION INFORMATION 



vcc 



Efc 



IDO 
ID1 
ID2 



_13_ 



{"SSL- 



Jo SCSI Bus 
Controller 



SB5 



3B2_ 



SB1_ 



SBQ_ 



INIT 



ACK 



TARGET 



£/D_ 



1ZQ_ 



EE2L. 



BSYOUT 



B$YIN 



9EUN 



AB£_ 



To Reset Logic 



{= 



i3 



It 



DB{7) 
-DB(7) 



DB(6) 
-DB(6) 



DB(5) 
-DB(5) 



DB(4) 
-DB(4) 



DB(3) 
•DB(3) 



SN75ALS170 



DB(2) 
-DB(2) 



DB(1) 
-DB(1) 



DB(0) 
' -DB{0) 



DB(P) 
-DB(P) 



ACK 
-ACK 



ATN 
-ATN 



MSG 
-MSG 



C/D 
' -C/D 



REQ 
-REQ 



SN75ALS170 

735 — 

5EN1 
5EN2 
5EN3 
EN4 



}3 



BSY 
J -BSY 



3 s * 



RST 
-RST 



Figure 18. Typical Differential SCSI Bus Interface Implementation 
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Three Bidirectional Transceivers 

Driver Meets or Exceeds the Requirements 
of ANSI EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11 
Two Skew Limits Available 

Designed to Operate Up to 20 Million Data 
Transfers per Second (FAST-20 SCSI) 
High-Speed Advanced Low-Power Schottky 
Circuitry 

Low Pulse Skew . . . 5 ns Max 

Designed for Multipoint Transmission on 

Long Bus Lines in Noisy Environments 

Features Independent Driver Enables and 

Combined Receiver Enables 

Wide Positive and Negative Input/Output 

Bus Voltages Ranges 

Driver Output Capacity . . . ±60 mA 

Thermal Shutdown Protection 

Driver Positive- and Negative-Current 

Limiting 

Receiver Input Impedances . . . 12 k£2 Min 
Receiver Input Sensitivity . . . ±300 mV Max 
Receiver Input Hysteresis . . . 60 mV Typ 
Operates From a Single 5-V Supply 
Glitch-Free Power-Up and Power-Down 
Protection 



DW OR J PACKAGE 
(TOP VIEW) 



ir r 


t u 

1 


20 


1 1R 


1DE[ 


2 


19 


]1A 


1D[ 


3 


18 


]RE 


GND[ 


4 


17 


]CDE 


gnd[ 


5 


16 


]v C c 


2R[ 


6 


15 


]2B 


2DE[ 


7 


14 


]2A 


2D[ 


8 


13 


]3B 


3R[ 


9 


12 


]3A 


3DE[ 


10 


11 


]3D 



Function Tables 

EACH DRIVER 



INPUT 
D 


ENABLE 


OUTPUTS 


DE CDE 


A B 


H 


H H 


H L 


L 


H H 


L H 


X 


L X 


Z Z 


X 


X L 


z z 



EACH RECEIVER 



description 



DIFFERENTIAL INPUTS 
A- B 


ENABLE 
RE 


OUTPUT 
R 


V|D>0.3V 


L 


H 


-0.3 V<V|D< 0.3 V 


L 


? 


V|D < -0.3 V 


L 


L 


X 


H 


Z 


Open 


L 


H 



high level, 
irrelevant, 



L = low level, ? = indeterminate, 
Z = high impedance (off) 



The SN75ALS171 and the SN75ALS171A triple 
differential bus transceivers are monolithic 
integrated circuits designed for bidirectional data 

communication on multipoint bus transmission lines. They are designed for balanced transmission lines, and 
each driver meets ANSI Standards EIA/TIA-422-B and RS-485 and both the drivers and receivers meet ITU 
Recommendation V.11. The SN75ALS171A is designed for FAST-20 SCSI and can transmit or receive data 
pulses as short as 30 ns with a maximum skew of 5 ns. 

The SN75ALS171 and the SN75ALS171A operate from a single 5-V power supply. The drivers and receivers 
have individual active-high and active-low enables, respectively, which can be externally connected together 
to function as a direction control. The driver differential output and the receiver differential input pairs are 
connected internally to form differential input/output (I/O) bus ports that are designed to offer minimum loading 
to the bus when the driver is disabled or Vcc is at 0 V. These ports feature wide positive and negative 
common-mode voltage ranges making the device suitable for party-line applications. 

TheSN75ALS171 and the SN75ALS1 71 A are characterized for operation from 0°C to 70°C. 

AVAILABLE OPTIONS 



SKEW LIMIT 


PART NUMBER 


10 ns 


SN75ALS171DW 


SN75ALS171J 


5 ns 


SN75ALS171ADW 
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logic symbolt 

17 



CDE 
1DE 
2DE 
3DE 
RE 

1D 

1R 

2D 

2R 

3D 
3R 



2 


7 


10 


18 


l\ 


3 


1 






-4— 


8 




6 








11 




9 


~4™ 



G5 

5EN1 

5EN2 

5EN3 

EN4 





> 


1V 
1V 


V4 


1 


JT 






> 


2V 
2V 


V4 


1 


JT 






> 


3V 
3V 


V4 


1 


JT 






logic diagram (positive logic) 



CDE 



1DE 
1D 



RE 



1R 



2DE 
2D 



18 



2R 



3DE 
3D 



3R 



hi y j 20 II}. 8 " 







20 


d 













— H 


> 

15 


d 













12 







13 


D — < 

d 











3A 
3B 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

schematics of inputs and outputs 



Bus 



Bus 



EQUIVALENT OF EACH INPUT 
V C C 

R (eq) 



Input — f- 



Driver Input: R( eq ) = 12 kQ NOM 
Enable Inputs: R(gq) =8kQ NOM 
R( e q) = equivalent resistor 



TYPICAL OF A AND B I/O PORTS 
VCC 




| 180 kQ 
L NOM 
s Connected 
I on B Port 



3kft 
NOM 



1.1 kQ 
NOM 



TYPICAL OF RECEIVER OUTPUT 
VCC 




Output 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1) 7 V 

Voltage range at any bus terminal -7 V to 1 2 V 

Enable input voltage, V| 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1,6 mm (1/1 6 inch) from case for 10 seconds: DW package 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J package ; 300°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 





Ta < 25°C 


DERATING FACTOR 


T A = 70°C 


PACKAGE 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


J 


1025 mW 


8.2 mW/°C 


656 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), V| or Vic 


-7 12 


V 


High-level input voltage, V|h 


D, CDE, DE, and RE 


2 


V 


Low-level input voltage, V||_ 


D, CDE, DE, and RE 


0.8 


V 


Differential input voltage, V|d (see Note 2) 


±12 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-400 


HA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, T A 


0 70 


°C 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| = ~18rnA 


— 1.5 


V 


Vq Output voltage 


l O = 0 


0 6 


V 


Vqh High-level output voltage 


Vqc -4.75 V, V|H = 2V, 
V|L = 0.8V, loH = "55mA 


2-7 


V 


Vol Low-level output voltage 


VCC -4.75 V, V|H « 2 V, 
V||_ = 0.8 V, Iql = 55 mA 


1.7 


V 


IVodi 1 Differential output voltage 


Iq = 0 


1.5 6 


V 


1 v OD2 • Differential output voltage 


R[_ = 100 Q, See Figure 1 


1/2Vnni 
or2§ 25 5 


V 


R|_ » 54 Q, See Figure 1 


1.5 2.5 5 


v OD3 Differential output voltage 


V tes t = -7Vto12V, See Figure 2 


1.5 5 


V 


. ... . Change in magnitude of differential 
AlV ODi output voltageli 


R[_ = 54 Q or 1 00 Q, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


3 


V 


-1 


. . . Change in magnitude of common-mode 
Aivoc 1 output voltage^ 


±0.2 


v 


Iq Output current 


Output disabled, 
See Note 3 


Vo = 12V 


1 


mA 


V 0 = -7V 


-0.8 


l|H High-level enable-input current 


D and DE 


V| H = 2.7 V 


20 


HA 


CDE 


60 


IjL Low-level enable-input current 


D and DE 


V|L = 0.4V 


-100 


CDE 


-900 


lOS Short-circuit output current 


V 0 --6V 


-250 


mA 


Vq-0 


-150 


Vq = Vcc 


250 


V 0 = 8V 


250 


Ice Supply current 


No load 


Outputs enabled 


69 90 


mA 


Outputs disabled 


57 78 



t The power-off measurement in ANSI Standard El A/TIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs. 
* All typical values are at Vcc = 5 V and Ta = 25°C. 

§ The minimum Vqd2 with 1 00-W load is either 1/2 Vqd2 or 2 v » whichever is greater. 

^ A I V od 1 and A I V oc ! are tne changes in magnitude of VrjD and v OC» respectively, that occur when the input is changed from a high level to a 
low level. 

NOTE 3: This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The EIA/TIA-422-B limit does not apply for 
a combined driver and receiver terminal. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 






ALS171 


RL = 54 Q, 


See Figure 3, 


3 




13 








ALS171A 


Cl = 50 pF 




6 




11 




td(OD) 


Differential output delay time 


ALS171 


R L1 = RL3 = 165Q, 
C L = 60 pF, 

rl2 = 75 a 


VTERM = 5V, 
See Figure 6 


3 




13 


ns 






ALS171A 


6 




11 




tsk(p) 


Pulse skew* 




RL = 54 a 
See Figure 3 


Cl - 50 pF, 




1 


5 


ns 




R L1 = R L3 = 165 a 
C L = 60 pF, 


RL2 = 75 a 
See Figure 6 


1 5 


ns 






ALS171 


RL = 54 a 


Cl = 50 pF, 


10 




tskflim) 


Skew limit§ 


ALS171A 


See Figure 3 


5 


ns 


ALS171 


R L1 = R L3 = 165 a 


R|_2 " 75 Q, 


10 






ALS171A 


C L = 60 pF, 


See Figure 6 


5 










RL = 54 Q, 
See Figure 3 


Cl = 50 pF, 


3 


8 


13 




*t(OD) 


Differential-output transition time 




R L1 - R L3 = 165 a 
Cl = 60 pF, 
See Figure 6 


RL2 - 75 a 
VTERM = 5V, 


3 


8 


13 


ns 


tpZH 


Output enable time to high level 




RL = 110a 


See Figure 4 




30 


50 


ns 


tpZL 


Output enable time to low level 




rl = 110 a 


See Figure 5 




30 


50 


ns 


tpHZ 


Output disable time from high level 




RL=110a 


See Figure 4 


3 


8 


13 


ns 


tPLZ 


Output disable time from low level 




rl = 110a 


See Figure 5 


3 


8 


13 


ns 


tPDE 


Differential-output enable time 




R L1 = R L3 = 165 a 


R|_2 = 75 a 


8 


30 


45 


ns 


tPDZ 


Differential-output disable time 




Cl = 60 pF, 


See Figure 7 


5 


10 


45 


ns 



t All typical values are at Vqc = 5 V and Ta = 25°C. 

$ Pulse skew is defined as the I td(ODH) ~ ^(ODL) ' °f eacn channel. 

§ Skew limit is the maximum difference in propagation delay times between any two channels of one device and between any two devices. This 
parameter is applicable at one Vqc and operating temperature within the recommended operating conditions. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


vo 


Voa.V ob 


V 0 a.V ob 


IVQD1I 


v 0 


V 0 


IV 0 D2" 


V t (Ri_= 100Q) 


V t (Rl = 54 Q) 


IV0D3I 




Vt (Test Termination 
Measurement 2) 


v test 




V tst 


AIVqdI 


IIV t l-IV t ll 


IIV t !-IV t ll 


v oc 


IV 0S i 


IVos" 


AIVqcI 


IVos-VosI 


IVos -V os l 


'OS 


"saUlsb" 




io 


HxaU'xbl 


ha. hb 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-423 



SN75ALS171, SN75ALS171A 

TRIPLE DIFFERENTIAL BUS TRANSCEIVERS 

SLLS056D- AUGUST 1987 -REVISED SEPTEMBER 1995 



RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Vo = 2.7V, to = -0.4 mA 


0.3 


V 


V| j_ Negative-going input threshold voltage 


Vq - 0.5 V, Iq = 8 mA 


-0.3* 


V 


v hys Hysteresis voltage (V|t + - V| j_) 




60 


mV 


V|k Enable-input clamp voltage 


l| = -18mA 


-1.5 


V 


v OH High-level output voltage 


V| D = 300 mV, Ioh - -400 pA, 
See Figure 8 


2.7 


V 


Vol Low-level output voltage 


V|D - -300 mV, Iol - 8 mA, 
See Figure 8 


0.45 


V 


loz High-impedance-state output current 


Vq = 0.4 V to 2.4 V 


±20 


MA 


1 1 Line input current 


Other input = 0 V, 
See Note 4 


V| = 12V 


1 


mA 


V|--7V 


-0.8 


l|H High-level enable-input current 


V|h = 2.7V 


60 


HA 


l|l_ Low-level enable-input current 


V||_ = 0.4V 


-300 


HA 


r; Input resistance 




12 


kQ. 


los Short-circuit output current 


V !D = 300 mV, V O = 0 


-15 -85 


mA 


ICC Supply current 


No load 


Outputs enabled 


69 90 


mA 


Outputs disabled 


57 78 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 4: This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature range 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


ALS171 


V|D--1.5Vto1.5V, 
C|_=15pF, 


9 19 


ns 


ALS171A 


11 




16 


tPHL 


Propagation delay time, high- to low-level output 


ALS171 


Ta = 25°C, 


9 




19 


ns 


ALS171A 


See Figure 9 


11 




16 


tsk(p) 


Pulse skew§ 




V|D = -1.5Vto1.5V, 




2 


5 


ns 


tsk(lim) 


Skewlimitf 


ALS171 


C|_=15pF, 


10 


ns 


ALS171A 


See Figure 9 


5 


tpZH 


Output enable time to high level 




Cl= 15 pF, 




7 


14 


ns 


tpZL 


Output enable time to low level 




See Figure 10 




7 


14 


ns 


tPHZ 


Output disable time from high level 




CL=15pF, 




20 


35 


ns 


tPLZ 


Output disable time from low level 




See Figure 1 0 




8 


17 


ns 



t All typical values are at VrjC = 5 V and T/\ = 25°C. 
§ Pulse skew is defined as the I tpm - t phU °* eacn channel. 

1t Skew limit is the maximum difference in propagation delay times between any two channels of one device and between any two devices. This 
parameter is applicable atone Vqc and operating temperature within the recommended operating conditions. 
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VQD2 



2 

:J5t v 0 c 



Figure 1. Driver Vqd a nd v OC 



375 Q 



V 0 D3 I 60 " 



375 CI 



Vtest 

1 



Figure 2. Driver Vqq3 



Generator 
(see Note A) 



tSOQ 



| Rl = 54 Q 



^ Cl= 50 pF 
(see Note B) 



Input 



1.5 V 



3V 



0V 



Output td(ODH) — W r*~ ~M k— *d(ODL) 

V J -2.5 V 



3V 



Output 50% 

10% 



i/90% 90%Vi 
)% / \ 50% 



-2.5 V 



tt(OD) W- -« |4- t t( OD) 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 

Zq = 50 a 

B. C|_ includes probe and jig capacitance. 
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0Vor3V 



Generator 
(see Note A) 




PARAMETER MEASUREMENT INFORMATION 

Output 

Input 

RL = 110Q 



Cl = 50 pF; 
(see Note B) 



: 50 Q 



Output 



i _/™ yl 15V \ 

!«-+h tp 2H 



2.3V 
tPHZ- 



0.5 V 



3V 
0 V 

VOH 
V 0 ff~OV 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waveforms 



0Vor3V 



Generator 
(see Note A) 



:50ft 



5 V 




S1 



P— o 

C|_ = 50 pF ; 
(see Note B) 



R L = 110G , nput 
— Output 



3V 

1.5 V 



0V 



tpZL"^ M 



i ! 



H ►h tpLZ 



Output 



"N ^2.3V 




5V 
0.5 V 



-f- vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 LI. 
B. C|_ includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION 



Generator 
(see Note A) 




50 



_L | C L = 60pF 
^ (see Note B) 

— 



. = 75^ 




Output 



CL = 60pF 
R L3 = 165 Q 'X (see Note B) 



Input 
*d(ODH) 



1.5 V 



V 3V S1to5V 

S2toOV 



\- 5V 



ov 

td(ODL) 
2.9 V 



0ut p ut io°o/!/ ! f>&-- 



*t(OD) 



2.9 V 
tt(OD) 



VOLTAGE WAVEFORMS 



lnp ut 7 | 15V 

td(ODH) j4- rt— kj(QDL) 



3 V SI to 0 V 

15V S2to5V 

0V 



° Ut P Ut 10°% 



*t(OD) 



r U-90% 90%^ 0V ~ 2 ' 3 ^ 
H N— -"►) W- t t( oD) 



V 

,9 V 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo - 50 Q. 
B. C|_ includes probe and jig capacitance. 

Figure 6. Driver Test Circuit and Voltage Waveforms 
With Double-Differential-SCSI Termination for the Load 
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PARAMETER MEASUREMENT INFORMATION 

5VQS2 

5Q- I X~~]_ C L = 60pF 



RL1 = 165 




x 



(see Note B) 



RL2 = 75Q 



Output 



-I- CL = 60pF 



RL3 = 165^'I V (see Note B) 



Input 



1,5 V 



, 3V S1 to 3 V 

15V S2toOV 
1&V „ S3to5V 



tpZH 
Output 



J: 

iy a " 



Input 



I 



\ 3V S1 to 0 V 

' ' S2to5V 
OV S3to0V 



-*| k- tpzL 

1 «2.3V 



tpZL-J h~ ">l k~ tpZH 

I V 



Output 



2.3 V 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq- 50 a 
B. C|_ includes probe and jig capacitance. 

Figure 7. Driver Differential-Enable and Disable Times With a Double-SCSI Termination 



V|D 




~ T 

T At + I 0 L 



r 



-IQH 



Figure 8. Receiver Vqh and Vql 
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PARAMETER MEASUREMENT INFORMATION 



Generator 
(see Note A) 






:51Q 

L 1.5V C 













Output lnput jf A 

(see Note B) 

Output 



OV 




y — \ — 

t / 1.3 V \1.3V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 9. Receiver Test Circuit and Voltage Waveforms 



1.5 V 
-1.5 V 



Generator 
(see Note A) 



:c L = l5pF 
(see Note B) 



5 kQ 



: 50 Q 



1N916or Equivalent 



S3 



Input 



Output 



Input 



\ 3V 

1.5 V 

0 V 




TEST CIRCUIT 

51 to 1.5 V 

52 Open 

53 Closed 



Input 




tpZH 



V 



VOH 

1.5 V 

0V 




tpZL 



Output 



3V 

1.5 V 

S1 to -1.5 V 
ov S2 Closed 
S3 Open 

\H -4.5 V 

k 1.5V 



vol 



1.5 V 



3V 



• 0V 



i 3 V 



tpHZ \k * l 
Output J* V — \L 



51 to 1.5 V 

52 Closed 

53 Closed 



VOH 
-1.3 V 



Input 



1.5 V 



0V 



51 to -1.5 V 

52 Closed 

53 Closed 



tpLZ 



Output 



fZ7 



« 1.3 V 



vol 



VOLTAGE WAVEFORMS 

Figure 10. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
VS 

HIGH-LEVEL OUTPUT CURRENT 
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lOH - High-Level Output Current -mA 

Figure 11 
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LOW-LEVEL OUTPUT VOLTAGE 
VS 

LOW-LEVEL OUTPUT CURRENT 
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lOL - Low-Level Output Current - mA 

Figure 12 
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OUTPUT CURRENT 
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lO - Output Current - mA 

Figure 13 
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TYPICAL CHARACTERISTICS 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



I 

V| D = 0.3V 








T A = 25 


°C 
































V CC = 5 

1 


.25 V 

I 








vcc 

✓ 


= 5V 
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Figure 14 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 15 
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Figure 16 
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Figure 17 
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TYPICAL CHARACTERISTICS 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 
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Figure 18 
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Figure 19 
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APPLICATION INFORMATION 



1/3SN75ALS170 



V. D » » f 

^> I &ee Note A 

— — -t— — 



1/3SN75ALS170 



3<j- 

/ \ W Transceivers W / \ 

nT i ••• i hh 

NOTE A: The line should be terminated at both ends in its characteristic impedance/Stub lengths off the main line should be kept as short s 
possible. 



Figure 20. Typical Application Circuit 



^ Texas 
Instruments 

2-432 POST OFFICE BOX 655303 • DALLAS, TEXAS 75266 



SN75ALS171, SN75ALS171A 
TRIPLE DIFFERENTIAL BUS TRANSCEIVERS 

SLLS056D - AUGUST 1 987 - REVISED SEPTEMBER 1 995 



APPLICATION INFORMATION 



4Vto 5.25 V 
330 Q > 



150 Q < 



330 Q 




r-7\ -W Upt ° 16 r~7\ 

/ \ pY Transceivers / \ 




4 V to 5.25 V 

S 330 Q, 



150 Q 



i 



330 Q 



Figure 21. Typical Differential SCSI Application Circuit 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-433 



SN75ALS171, SN75ALS171A 

TRIPLE DIFFERENTIAL BUS TRANSCEIVERS 

SLLS056D - AUGUST 1 987 - REVISED SEPTEMBER 1 995 



APPLICATION INFORMATION 
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Figure 22. Typical Differential SCSI Bus Interface Implementation 
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Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and RS-485 
and ITU Recommendation V.11 
Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 
3-State Outputs 

Common-Mode Output Voltage Range of 
-7 V to 12 V 

Active-High and Active-Low Enables 
Thermal Shutdown Protection 
Positive- and Negative-Current Limiting 
Operates From Single 5-V Supply 
Logically Interchangeable With AM26LS31 



description 



N PACKAGE 
(TOP VIEW) 



1A[ 




U 16 


]v C c 


1Y[ 


2 


15 


]4A 


1Z[ 


3 


14 


]4Y 


G[ 


4 


13 


]4Z 


2Z[ 


5 


12 


]G 


2Y[ 


6 


11 


]3Z 


2A[ 




10 


]3Y 


GND [ 


8 


9 


]3A 



DW PACKAGE 
(TOP VIEW) 



The SN75172 is a monolithic quadruple 
differential line driver with 3-state outputs. It is 
designed to meet the requirements of ANSI 
Standards EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11. The device is optimized 
for balanced multipoint bus transmission at rates 
of up to 4 megabaud. Each driver features wide 
positive and negative common-mode output 
voltage ranges, making it suitable for party-line 
applications in noisy environments. 

The SN75172 provides positive- and negative-current limiting and thermal shutdown for protection from line 
fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of approximately 
150°C. This device offers optimum performance when used with the SN75173 or SN75175 quadruple 
differential line receivers. 



[1 u 


20 


]v C c 


[ 2 


19 


]4A 


[ 3 


18 


]4Y 


[ 4 


17 


]NC 


[5 


16 


]4Z 


[ 6 


15 


]G 


[ 7 


14 


]3Z 


[ 8 


13 


]NC 


[9 


12 


]3Y 


[ 10 


11 


]3A 



NC - No internal connection 



The SN75172 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level, L = low level, 

X = irrelevant, Z = high impedance (off) 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 



of publication date. — Copyright © 1995, Texas Instruments Incorporated 

of Texas instruments .... fc i 

, ..... r ...„ at necessarily include TVv a 

testing of ail parameters. ^jf iEXAS 
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logic symbolt 
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>1 


EN 
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G — — ^ 














r 



logic diagram (positive logic) 

4 



1A- 



2A- 



3A- 



4A - 



15 





3 
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5 
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11 
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13 



1Y 
1Z 
2Y 
2Z 
3Y 
3Z 
4Y 
4Z 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
Terminal numbers shown are for the N package. 



G 
G 



1A 



2A 



3A 



4A 



12 



1Y 
1Z 



2Y 
2Z 



10 



11 



3Y 
3Z 



14 



13 



4Y 
4Z 



absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 

Supply voltage, V<x (see Note 1 ) — 7 V 

Voltage range at any bus terminal . — - 1 0 V to 1 5 V 

Input voltage, V| — — 5.5 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T s t g — -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, VjH 


2 


'V 


Low-level input voltage, V|L 


0.8 


V 


Common-mode output voltage, Vqc 


-7 to 12 


V 


High-level output current, Ioh 


-60 


mA 


Low-level output current, Iql 


60 


mA 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V I k I nput clamp voltage 


l| =-18mA 


-1.5 


V 


Vq Output voltage 


io = o 


0 6 


V 


Voh High-level output voltage 


V| H = 2V, V| L = 0.8V, l 0 H = -33 mA 


3.7 


V 


Vol Low-level output voltage 


V|H = 2 V, V|L = 0.8 V, l 0 H = 33 mA 


1.1 


V 


IVQD1 1 Differential output voltage 


io-o 


1.5 6 


V 


IV0D2' Differential output voltage 


RL=100C2, See Figure 1 


1 /2 v OD1 
or 2t 


V 


Rl_ = 54 £2, See Figure 1 


1.5 2.5 5 


V 


VoD3 Differential output voltage 


See Note 2 


1.5 5 


V 


|y Change in magnitude of 

AlvOD' Hiffprpntial m itni it voltanp§ 


RL = 54Qor 100C2, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage^ 


+ 0 
- i 


V 


.... . onange in iTiagiiiiuue 01 

common-mode output voltage§ 


±0.2 


V 


lO Output current with power off 


Vcc = 0» Vo = -7Vto12 V 


±100 


MA 


. High-impedance-state 
output current 


VQ = -7Vto12V 


±100 


HA 


l|H High-level input current 


V| = 2.7 V 


20 


HA 


1 1 1_ Low-level input current 


V| = 0.5V 


-360 


HA 


Iqs Short-circuit output current 


V 0 =-7V 


-180 


mA 


vo=v C c 


180 


Vq = 12V 


500 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


38 60 


mA 


Outputs disabled 


18 40 



t All typical values are at Vqc = 5 V and T/\ « 25°C 

t The minimum Vqd2 w ' tn a 1 0°-^ ,oad is either 1/2 Vqdi or 2 V, whichever is greater. 

§ AIVod 1 and AlVoc 1 are tne changes in magnitude of Vqd and v OC> respectively, that occur when the input is changed from a high level to a low 
level. 

^ In ANSI Standard EiA/TiA-422-B, Voc» which is the average of the two output voltages with respect to ground, is called output offset voltage, 

vos- 

NOTE 2: See Figure 3-5 of EIA Standard RS-485. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


vo 


Voa. V 0 b 


Voa. V 0 b 


iVODll 


V 0 


V 0 


IVOD2I 


V t (RL = 100Q) 


V t (Rl - 54 Q) 


IV 0 D2l 




Vt (Test Termination) 
Measurement 2) 


AIVqdI 


IIVtl-IV t ll 


IIVtl-IVtll 


voc 


IVosI 


IVosI 


AIVod 


IVos-VosI 


IVos-VosI 


'OS 


I'saUlsbl 




io 


HxaUlxbl 


lia-'ib 
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switching characteristics, V cc = 5 V, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*d(OD) Differential-output delay time 


RL = 54£2, See Figure 2 


45 65 


ns 


tt(OD) Differential-output transition time 


80 120 


ns 


tPZH Output enable time to high level 


RL= 110 See Figures 


80 120 


ns 


tpzL Output enable time to low level 


R[_=110Q, See Figure 4 


45 80 


ns 


tPHZ Output disable time from high level 


R|_=110a, See Figure 3 


78 115 


ns 


tPLZ Output disable time from low level 


RL - 1 1 0 Q, See Figure 4 


18 30 


ns 



PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Differential-Output Test Circuit and Voltage Waveforms 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle = 50%, 
Zq = 50 Q. 

B. C|_ includes probe and stray capacitance. 
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PARAMETER MEASUREMENT INFORMATION 



0Vto3V 



Generator 
(see Note A) 



>50Q 



3V 
(see Note C) 




Output 



RL = 110Q 



Input 



■1.5 V 



3 V 



Output 



0.5 V 



tpHZ I* H 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms 



ov 

V 0 H 

V 0 ff »ov 



0Vto3V 



Generator 
(see Note A) 



>50Q 



3 V 
(see Note C) 




5V 



•— I >R L = 110i 



Lzr_ 



- Output 



J _L C L = 50pF 

(see Note B) 



TEST CIRCUIT 




1.5 V 



I 

tPZL — fl- 



\ 15 V 
l\_ 



3V 



0V 



Output 



\2.3V 



\4 » tpLZ 

y^-o.5v 

^-^r- vol 



VOLTAGE WAVEFORMS 



Figure 4. Test Circuit and Voltage Waveforms 

NOTES. A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zq = 50 Q. 

B. Cl includes probe and stray capacitance. _ 

C. To test the active-low enable G, ground G and apply an inverted waveform to G. 
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TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Figure 5 
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DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



> 

i 

© 
S3 



a 

3 

o 



Q 

I 

Q 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 















I I I 

V C C = 5V 














1 


r A = J 


>5°C 




































































































P 

























< 

I 

c 
£ 

o 

3 

a 

3 

o 

o ~: 



0 10 20 30 40 50 60 70 80 90 100 
Iq - Output Current - mA 



III 

Outnut Dissabled 












7 


A = 2 


5°C 






























































^CC : 


:0 








































V 


CC = 


5 V 











































































-25 -20 -15 -10 -5 0 5 10 15 20 25 
Vq- Output Voltage -V 



Figure 7 



Figure 8 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 10 



APPLICATION INFORMATION 



1/4SN75172 




1/4SN75173 



Up to 32 
RS-485 Unit Load 
• •• 



R T^ 



1/4SN75172 1/4SN75173 



1/4SN75173 1/4SN75174 



1/4SN75174 



1/4SN75175 



NOTE A: The line length should be terminated at both ends in its characteristic impedance (Rj = Zo). Stub lengths off the main line should 
be kept as short as possible. 

Figure 11 
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Meets or Exceeds ANSI Standards 
EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11 

High-Speed Advanced Low-Power Schottky 
Circuitry 

Designed for 20-MBaud Operation in Both 
Serial and Parallel Applications 
Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 
Low Supply Current Requirements 

55 mA Max 
Wide Positive and Negative Input/Output 
Bus Voltages Ranges 
Driver Output Capacity . . . ±60 mA 
Thermal Shutdown Protection 

Driver Positive and Negative Current 
Limiting 

Logically Interchangeable With SN75172 



description 



The SN65ALS172A and SN75ALS172A are 
comprised of four line drivers with 3-state differential 
outputs. They are designed to meet the requirements 
of ANSI Standards EIA/TIA-422-B and RS-485 and 
ITU Recommendation V.11. These devices are 
optimized for balanced multipoint bus transmission at 
rates of up to 20 Mbaud. Each driver features wide 
positive and negative common-mode output voltage 
ranges making them suitable for party-line 
applications in noisy environments. 

The SN65ALS1 72A and SN75ALS172A provide 
positive- and negative-current limiting and thermal 
shutdown for protection from line fault conditions on 
the transmission bus line. Shutdown occurs at a 
junction temperature of approximately 150°C. 

The SN65ALS172A is characterized for operation 
from -40°C to 85°C and the SN75ALS172A is 
characterized for operation from 0°C to 70°C. 



SN75ALS172A . . . N PACKAGE 
(TOP VIEW) 




GND [ 8 



DW PACKAGE 
(TOP VIEW) 



1A[ 


a 

1 


20 


]v cc 


1Y[ 


2 


19 


]4A 


NC[ 


3 


18 


J4Y 


1Z[ 


4 


17 


]NC 


G[ 


5 


16 


]4Z 


2Z[ 


6 


15 


]G 


NC[ 




14 


]3Z 


2Y[ 


8 


13 


]NC 


2A[ 


9 


12 


]3Y 


gnd[ 


10 


11 


]3A 



NC-No internal connection 



FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


z z 



H = high level, L = low level, X = irrelevant, 
Z = high impedance (off) 



9f publication date. — Copyright © 1995, Texas Instruments Incorporated 
>f Texas Instruments 

r . 1 necessarily Include wVW Tw^v A 

testing of all parameters. 1EXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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logic symbolt 

^ 4 



logic diagram (positive logic) 



> 1 



1A 



2A 



3A 



4A 



15 



r 



EN 





3 


6 
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5 


10 


X 


11 


14 




13 



1Y 
1Z 
2Y 
21 
3Y 
3Z 
4Y 
4Z 



1A 



2A 



3A 



mS 
mS 

MS 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Terminal numbers shown are for the N package. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc- 

" 35K2N0M 



Input- 



TYPICAL OF ALL OUTPUTS 

— vcc 



Output 




GND 



10 



11 
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1Y 
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3Y 
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4Y 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage, V| 7 V 

Output voltage range, Vq -9 V to 1 4 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN65ALS172A -40°C to 85°C 

SN75ALS172A 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING 
FACTOR 


T A = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


DW 


1125 mW 


9 mW/°C 


720 mW 


585 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



recommended operating conditions 





M1N NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Common-mode output voltage, Voc 


+12 
-7 


V 


High-level output current, Iqh 


-60 


mA 


Low-level output current, Iql 


60 


mA 


Operating free-air temperature, Ta 


SN65ALS172A 


-40 85 


°C 


SN75ALS172A 


0 70 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPT MAX 


UNIT 


V|k Input clamp voltage 


l| = -18mA 


-1.5 


V 


Vq Output voltage 


|Q = 0 


0 6 


v 


'VODt' Differential output voltage 


io = o 


1.5 6 


V 


• v OD2' Differential output voltage 


Vcc = 5V, 
R|_ = 100Q 


See Figure 1 


1/2V 0 D1 
or 2* 


V 


RL = 54Q 


1.5 2.5 5 


' V(DD3 ' Differential output voltage 


See Note 2 


1.5 5 


V 


1^ ( Change in magnitude of 
differential output voltage§ 


Rl_ » 54 Q or 1 00 Q, See Figure 1 


±0.2 


V 


Vqc Common-mode output voltage^ 


+3 
-1 


V 


I y | Change in magnitude of 
oc common-mode output voltage§ 


±0.2 


V 


lO Output current with power off 


Vcc = 0. Vo--7Vto12V- 


±100 


MA 


loz High-impedance-state output current 


Vo=-7Vto12V 


±100 


HA 


l|H High-level input current 


V| = 2.7V 


20 


ma 


l|L Low-level input current 


V| = 0.4V 


-100 


ma 


Iqs Short-circuit output current 


Vq= -7 V to 12 V 


±250 


mA 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


36 55 


mA 


Outputs disabled 


15 30 



t All typical values are at Vcc = 5 v and T/\ = 25°C. 

$ The minimum VoD2 w ' tn a 1 00"^ ' s either 1/2 VoD1 or 2 V, whichever is greater. 

§ A I Vqd' and A I Voc 1 are tne changes in magnitude of Vqd and v OC« respectively, that occur when the input is changed from a high level to a 
low level. 

1i In ANSI Standard EIA/TIA-422-B, Voc» which is the average of the two output voltages with respect to ground, is called output offset voltage, 

vos- 

NOTE 2: See EIA Standard RS-485, Figure 3-5, Test Termination Measurement 2. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


*d(OD) 


Differential-output delay time 


R|_ = 54 Q, 


See Figure 2 


9 


15 


22 


ns 


tpZH 


Output enable time to high level 


R L = 110 A 


See Figure 3 


30 


45 


70 


ns 


tpZL 


Output enable time to low level 


Rt = noa, 


See Figure 4 


25 


40 


65 


ns 


tPHZ 


Output disable time from high level 


RL=110Q, 


See Figures 


10 


20 


35 


ns 


*PLZ 


Output disable time from low level 


RL=110a 


See Figure 4 


10 


30 


45 


ns 



t All typical values are at Vcc = 5 V and Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 



V 0 D2 



5k 

2 



T v 0 c 

1 



Figure 1. Differential and Common-Mode Output Voltages 



Generator 
(see Note > 




3V y 

T Y Input / 
o — /; 



I.5V 



I I 



TEST CIRCUIT 



TC|_ = 50 pF 
_ (see Note B) 



Z Output Z 
Output Y 



1.5V \l.5 

td(ODH) — H U-td(ODL) 



Z21 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Zq = 50 Q, duty cycle = 50%, 
tf < 5 ns, t r < 5 ns. 
B. Cl includes probe and stray capacitance. 

Figure 2. Differential Output Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



0Vor3V 



Generator 
(see Note A) 



>50Q 




Output 



Input 



1.5 V 



3V 

-± (see Note C) 



i C L = 50pF^k £R L = 110O J U_tpzH 

J (see Note B) f H p lRZH 

Outpu t 



!.3V 



— 3V 

5 V 

0V 

0.5 V 

VOH 



| ^V o ff«0 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms, tpzH and *PHZ 



5V 



0Vor3V 







Generator 




(see Note A) 






T 3 V 




: rl = no a 

4 — Output 



j C|_ = 50 pF 
J (see Note B) 



Input 



tpZL k, H 



3V 
0V 



Output 



-*h tpLZ 

vol 



0.5 V 



VOLTAGE WAVEFORMS 



-±- (see Note C) 

TEST CIRCUIT 

Figure 4. Test Circuit and Voltage Waveforms, tpzL and tpLz 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Zrj - 50 £2, duty cycle = 50%, 
tf < 5 ns, t r < 5 ns. 



B. C|_ includes probe and stray capacitance. _ 

C. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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Meets Standard EIA-485 

Designed for High-Speed Multipoint 

Transmission on Long Bus Lines in Noisy 

Environments 

Supports Data Rates up to and Exceeding 
Ten Million Transfers Per Second 

Common-Mode Output Voltage Range of 
-7 V to 12 V 

Positive- and Negative-Current Limiting 
Low Power Consumption ... 1.5 mA Max 
(Output Disabled) 



description 



The SN55LBC172 is a monolithic quadruple 
differential line driver with 3-state outputs. This 
device is designed to meet the requirements of the 
Electronics Industry Association (EIA) standard 
RS-485. The SN55LBC172 is optimized for 
balanced multipoint bus transmission at data rates 
up to and exceeding 10 million bits per second. 
The driver features wide positive and negative 
common-mode output voltage ranges, current 
limiting, and thermal-shutdown circuitry, making it 
suitable for party-line applications in noisy 
environments. The device is designed using the 
LinBiCMOS™ process, facilitating ultralow power 
consumption and inherent robustness. 

The SN55LBC172 provides positive- and nega- 
tive-current limiting and thermal shutdown for 
protection from line fault conditions on the 
transmission bus line. This device offers optimum 
performance when used with the SN55LBC173M 
quadruple line receiver. The SN55LBC172 is 
available in the 16-pin CDIP package (J), the 
16-pin CPAK package (W), or the 20-pin LCCC 
package (FK). 

The SN55LBC172 is characterized for operation 
over a military temperature range of -55°C to 
125°C. 



J OR W PACKAGE 
(TOP VIEW) 



1A[ 




16 


]v C c 


1Y[ 


2 


15 


]4A 


1Z[ 


3 


14 


]4Y 


G[ 


4 


13 


]4Z 


2Z[ 


5 


12 


]G 


2Y[ 


6 


11 


)3Z 


2A[ 




10 


]3Y 


GND [ 


8 


9 


]3A 



FK PACKAGE 
(TOP VIEW) 

Z 5 § £ S 




< Q O < > 

CM Z Z 00 00 

O 

NC - No internal connection 



FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level, L = low level, 

X = irrelevant, Z = high impedance (off) 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information Is current as of publication date. m Copyright ©1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments m im 

standard warranty. Production processing does not necessarily include m—.*^ — — 
testing of all parameters. 
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logic symbolt 

_ 4 



12 



1A- 
2A 
3A- 
4A" 



EN 



1 


> 

V 
V 


2 


s 3 


7 


6 




s 5 


9 


10 




s « 


15 


14 




s 13 







1Y 
1Z 
2Y 
2Z 
3Y 
3Z 
4Y 
4Z 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 

and IEC Publication 617-12. 
Pin numbers shown are for the J or W package. 



logic diagram (positive logic) 

' 4 



12 



1A 



2A 



3A 



4A 



3>i 



1Y 
1Z 



2Y 
2Z 



10 



11 



14 



13 



3Y 
3Z 



4Y 
4Z 



schematic diagrams of inputs and outputs 



ALL INPUTS 



r~n — i 

ii A Q 50 |iA i — 1 1 — i I 

- I ! ■ 



Input - 



200 Q 



I 



— v cc 



US 

L-J|-h> 



Y OR Z OUTPUT 



V CC — 



J 



Driver 



Output 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.3 V to 7 V 

Output voltage range, Vq • -10 V to 15 V 

Input voltage range, V| -0.3 V to 7 V 

Continuous power dissipation internally limited* 

Operating free-air temperature range, T A -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

$ The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 

NOTE1: All voltage values are with respect to GND. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 125°C 
POWER RATING 


FK 


1375mW 


11.0mW/°C 


275 mW 


J 


1375mW 


11.0mW/°C 


275 mW 


W 


1000mW 


8.0 mW/°C 


2G0 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


Output voltage at any bus terminal (separately or common mode), Vq 


YorZ 


12 


V 


-7 


High-level output current, Iqh 


YorZ 


-60 


mA 


Low-level output current, Iql 


YorZ 


60 


mA 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature, T A 


-55 125 | °C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| = -18 mA 


-1.5 


V 


IVod' Differential output voltage* 


R|_ = 54Q, See Figure 1 


1.1 1.8 5 


V 


Rl_ = 60£2, See Figure 2 


1.1 1.7 5 


AIVod' Change in magnitude of differential output voltage§ 


R|_ = 54 SI, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


3 
-1 


V 


AlVoc' Change in magnitude of common-mode output voltage§ 


±0.2 


V 


lO Output current with power off 


Vcc = 0, Vo = -7Vto12V 


±100 


HA 


'OZ High-impedance-state output current 


VQ = -7Vto12V 


±100 


MA 


1 1 h High-level input current 


V| = 2.4 V 


-100 


ma 


I'lL Low-level input current 


V| = 0.4 V 


-100 


ma 


Iqs Short-circuit output current 


V 0 = -7Vto12V 


±250 


mA 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


7 


mA 


Outputs disabled 


1.5 



t All typical values are at Vqq = 5 V and Ta = 25°C. 

t The minimum Vqd specif ication does not fully comply with El A-485 at operating temperatures below 0°C. The lower output signal should be used 

to determine the maximum signal transmission distance. 
§ AIVqd 1 and AIVqc' are the changes in magnitude of VrjD and v OC» respectively, that occur when the input is changed from a high level to a low 

level. 



switching characteristics, Vqq = 5 V 



PARAMETER 


TEST CONDITIONS 


T A 


MIN TYP MAX 


UNIT 


td(OD) Differential output delay time 


R[_ = 54 Q, See Figure 3 


25°C 


2 11 20 


ns 


-55°Cto125°C 


2 40 


*t(OD) Differential output transition time 


R|_ = 54 Q, See Figure 3 


25°C 


10 15 25 


ns 


-55°Cto125°C 


4 40 


*PZH Output enable time to high level 


RL = 110Q, See Figure 4 


25°C 


30 


ns 


-55°Cto125°C 


40 


tpZL Output enable time to low level 


RL= 110 Q, See Figure 5 


25°C 


30 


ns 


-55°Cto125°C 


40 


tPHZ Output disable time from high level 


Rj_ = 110ii } See Figure 4 


25°C 


50 


ns 


-55 0 Cto125°C 


90 


tPLZ Output disable time from low level 


Rl « 110 n, See Figure 5 


25°C 


30 


ns 


-55°Cto125°C 


45 
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PARAMETER MEASUREMENT INFORMATION 



2 



On v OD2 



2 



voc 



Figure 1. Differential and Common-Mode Output Voltages 
Vtest 



R1 = 375 Q 



0Vor3V 



Ri_ = 60 Q > ./ 

b-i < v od 



Gat5V 
_ or 
GatOV 



Vtest 



R2 = 375 Q 

-7V<V tes t<12V 



Figure 2. Driver Vqd Test Circuit 





Input 


Generator 
(see Note A) 


| 50 a 



3V 



R|_ = 54 Q 
Cl = 50 pF : 
(see Note I 



Inpu t 



Output 



td(OD) 



v 3V 



1.5 V -V1.5V 

I IN o 



*d(OD) 
-- -2.5 V 



\f~ 90% iff 
Output 50% /J r\50% 
JM 10% lit. 



TEST CIRCUIT 



*t(OD) -*l N— — M k- 
VOLTAGE WAVEFORMS 



2.5 V 
*t(OD) 



NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 5 ns, tf < 5 
ns, Zq = 50 Q. 
B. Cl includes probe and stray capacitance. 

Figure 3. Driver Differential-Output Test Circuit and Delay and Transition-Time Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

Input 



0 V or 3 V " 
Input 



Generator 
(see Note A) 




S1 



► 50 Q 



Cl = 50 pF ; 
(see Note B) 



Output 



n 



1.5 V 



lei 



Output 



J™ 



0.5 V 

L 




TEST CIRCUIT 



tPHZ H »j 
VOLTAGE WAVEFORMS 



3V 



VOH 



Voff-0 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 5 ns, tf < 5 ns, 
Zq = 50 a 

B. Cl includes probe and stray capacitance. 

Figure 4. tpzH and tpHz Test Circuit and Voltage Waveforms 

5V 



0Vor3V 



Generator 
(see Note A) 



MS 



Input 

50 Q 

■p 1 



Cl = 50 pF 
(see Note B) 



RL = 110Q 
— Output 



3V 
(see Note C) 



Input 



yj^1.5V ^1.5 V 



3V 
0 



t PZL -|-j i 

| h ^j— tPLZ 

Output A 2-3 V J^QO.5 V 

> :r — T~ vol 

VOLTAGE WAVEFORMS 



TEST CIRCUIT 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 a 

B. C[_ includes probe and stray capacitance. 

C. To test the active-low enable G, ground G and apply an inverted waveform to G. 

Figure 5. tpzL and tpi_z Test Circuit and Waveforms 
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TYPICAL CHARACTERISTICS 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Figure 7 
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Figure 8 
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Figure 9 
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TYPICAL CHARACTERISTICS 
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• Meet or Exceed EIA Standard RS-485 

Designed for High-Speed Multipoint 
Transmission on Long Bus Lines in Noisy 
Environments 

Support Data Rates up to and Exceeding 
Ten Million Transfers Per Second 

• Common-Mode Output Voltage Range of 
-7 V to 12 V 

• Positive- and Negative-Current Limiting 

• Low Power Consumption ... 1.5 m A Max 
(Output Disabled) 

• Functionally Interchangeable With SN75172 
description 

The SN65LBC172 and SN75LBC172 are 
monolithic quadruple differential line drivers with 
3-state outputs. Both devices are designed to 
meet the requirements of EIA Standard RS-485. 
These devices are optimized for balanced 
multipoint bus transmission at data rates up to and 
exceeding 10 million bits per second. Each driver 
features wide positive and negative common- 
mode output voltage ranges, current limiting, and 
thermal-shutdown circuitry making it suitable for 
party-line applications in noisy environments. 
Both devices are designed using LinBiCMOS™, 
facilitating ultra-low power consumption and 
inherent robustness. 

Both the SN65LBC1 72 and SN75LBC1 72 provide 
positive- and negative-current limiting and thermal 
shutdown for protection from line fault conditions 
on the transmission bus line. These devices offer 
optimum performance when used with the 
SN75LBC173 or SN75LBC175 quadruple line 
receivers. The SN65LBC172 and SN75LBC172 
are available in the 16-pin DIP package (N) and 
the 20-pin wide-body small-outline inline-circuit 
(SOIC) package (DW). 

The SN75LBC172 is characterized for operation 
over the commercial temperature range of 0°C to 
70°C. The SN65LBC1 72 is characterized over the 
industrial temperature range of -40°C to 85°C. 



N PACKAGE 
(TOP VIEW) 



1A[ 


1 


u 16 


]Vcc 


1Y[ 


2 


15 


]4A 


1Z[ 


3 


14 


]4Y 


G[ 


4 


13 


]4Z 


2Z[ 


5 


12 


]G 


2Y[ 


6 


11 


]3Z 


2A[ 




10 


]3Y 


GND[ 


8 


9 


]3A 



DW PACKAGE 
(TOP VIEW) 




NC - No internal connection 

FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H = high level, L = low level, 

X = irrelevant, Z = high impedance (off) 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



production data information is current as of publication date. m „ Copyright © 1 993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas instruments 1/f 

standard warranty. Production processing does not necessarily Include TU VAC 

testing of all parameters. LeLjSJtKaS 
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logic symbolt 

_ 4 



>1 



EN 



logic diagram (positive logic) 

4 



1A 
2A 
3A 
4A 
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> 

V 
V 


2 


s 3 
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s 5 


9 


10 




. 11 


15 


14 




^ 13 







1Y 
1Z 
2Y 
2Z 
3Y 
3Z 
4Y 
4Z 



t This symbol is in accordance with ANSI/I EEEStd 91-1 984 
and IEC Publication 617-12. 
Pin numbers shown are for the N package. 

schematic diagrams of inputs and outputs 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) -0.3 V to 7 V 

Output voltage range, Vq ■ - 1 0 V to 1 5 V 

* Input voltage range, Vj -0.3 V to 7 V 

Continuous power dissipation internally limited* 

Operating free-air temperature range, T A : SN65LBC172 -40°Cto85°C 

SN75LBC172 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

t The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NCM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Voltage at any bus terminal (separately or common mode), Vo 


YorZ 


12 


V 


-7 


High-level output current, Ioh 


YorZ 


-60 


mA 


Low-level output current, Iql 


YorZ 


60 


mA 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature, T A 


SN65LBC172 


-40 85 


°C 


SN75LBC172 


0 70 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


585 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


l| = -18mA 


-1.5 


V 






R[_ = 54 a 


SN65LBC172 


1.1 


1.8 


5 




IVoDl 


Differential output voltage* 


See Figure 1 


SN75LBC172 


1.5 


1.8 


5 


V 


RL = 60 Q, 


SN65LBC172 


1.1 


1.7 


5 






See Figure 2 


SN75LBC172 


1.5 


1.7 


5 




AIVqd" 


Change in magnitude of common-mode output 
voltage§ 






±0.2 


V 


voc 


Common-mode output voltage 


RL = 54 Q, 


See Figure 1 


3 
-1 


V 


AlVod 


Change in magnitude of common-mode output 
voltage§ 






±0.2 


V 


io 


Output current with power off 


v C c = o, 


Vo = -7Vto12V 


±100 


MA 


"oz 


High-impedance-state output current 


Vo = -7Vto12V 


±100 


ma 


l|H 


High-level input current 


V| = 2.4 V 


-100 


ma 


IlL 


Low-level input current 


V| = 0.4V 


-100 


ma 


"OS 


Short-circuit output current 


Vo = -7Vto12V 


±250 


mA 


'cc 


Supply current (all drivers) 


No load 


Outputs enabled 


7 


mA 


Outputs disabled 


1.5 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

$ The minimum Vqd specification does not fully comply with EIA-485 at operating temperatures below 0°C. The lower output signal should be used 

to determine the maximum signal-transmission distance. 
§ AIVqd 1 and AIVqc 1 are tne changes in magnitude of Vqd and v OC' respectively, that occur when the input changes from a high level to a low 

level. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


td(OD) Differential output delay time 


R|_ = 54 Q, See Figure 3 


2 11 20 


ns 


tt(OD) Differential output transition time 


10 15 25 


ns 


tpZH Output enable time to high level 


R|_=110U See Figure 4 


30 


ns 


tpzi_ Output enable time to low level 


R(_ = 110 Q, See Figure 5 


30 


ns 


tPHZ Output disable time from high level 


R[_=110 Q, See Figure 4 


50 


ns 


tPLZ Output disable time from low level 


Rl=110Q, See Figure 5 


30 


ns 
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PARAMETER MEASUREMENT INFORMATION 




voc 



Figure 1. Differential and Common-Mode Output Voltages 



v test 




~ TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50a 

B. C|_ includes probe and stray capacitance. 

Figure 3. Driver Differential-Output Test Circuit and Delay and Transition-Time Waveforms 



^? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-461 



SN65LBC172, SN75LBC172 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 



SLLS1 63 -JULY 1993 



PARAMETER MEASUREMENT INFORMATION 

Input 



Generator 
(see Note A) 



0Vor3V — 

Input ^ 



S1 



Cl = 50 pF : 
(see Note B) 



,ut r~ — ^ — 



Output * j 
;R L = 110Q tPZHH* * 



Output 



J£7 



tPHZ 



3V 



0V 



0.5 V 

Vqh 



r 



V 0 ff«OV 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is*supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50O. 

B. Cl includes probe and stray capacitance. 

Figure 4. tpzH and tpHZ Test Circuit and Voltage Waveforms 

5V 



0Vor3V 



Generator 
(see Note A) 



Input 



50Q 

P 1 



Cl = 50 pF 
(see Note B) 



RL = 110Q 
— Output 



3 V 
(see Note C) 



Input 



- J-_j ! 



3V 
0V 



tpZL | « ► 



Output 



I \ < » l tpLZ 

2.3 V 



\ 23v 



5V 
0.5 V 



£1 

-f~ vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 Q. 

B. Cl includes probe and stray capacitance. 

C. To test the active-low enable G, ground G and apply an inverted waveform to G. 

Figure 5. tpzL and tp L z Test Circuit and Waveforms 
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TYPICAL CHARACTERISTICS 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



1 
i 



o 
+-» 

3 
Q. 
3 

o 
o 



50 
40 
30 
20 
10 
0 
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-20 
-30 
-40 
-50 



I I I 

Output Disabled 














T A 




25 


°C 
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- v c 


;C = ' 


)V 










































- V 


CC = 


5V 
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Vq- Output Voltage -V 

Figure 6 
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V C C = 5V 
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•OL ~ Low-Level Output Current - mA 

Figure? 
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0.5 



DIFFERENTIAL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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RL = 54 Q 
V CC = 5V 
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Ta - Free-Air Temperature - °C 

Figure 8 
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lOH - High-Level Output Current - mA 

Figure 9 
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TYPICAL CHARACTERISTICS 
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o 
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1.5 
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DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

















vc 
ta 


c = s 

= 25' 
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lO - Output Current - mA 

Figure 10 
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PROPAGATION DELAY TIME, 
DIFFERENTIAL OUTPUT 
vs 

FREE-AIR TEMPERATURE 
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Figure 11 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B, EIA/TIA-423-B, and 
RS-485 and ITU Recommendations V.10, 
V.11,X.26, and X.27 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 

3-State Outputs 

Common-Mode Input Voltage Range of 
-12 V to 12 V 

Input Sensitivity . . . ±200 mV 

Input Hysteresis . . . 50 mV Typ 

High Input Impedance . . . 12 kQ Min 

Operates From Single 5-V Supply 

Low Power Requirements 

Plug In Replacement for AM26LS32 



description 



SN75173 . . . D OR N PACKAGE 
SN55173... J PACKAGE 
(TOP VIEW) 



1B[ 


1 


u 16 


]v C c 


1A[ 


2 


15 


]4B 


1Y[ 


3 


14 


]4A 


G[ 


4 


13 


]4Y 


2Y[ 


5 


12 


]G 


2A[ 


6 


11 


]3Y 


2B[ 




10 


]3A 


GND [ 


8 


9 


]3B 



SN55173 . . . FK PACKAGE 
CTOP VIEW) 



< CD O 



1Y ] 4 
G ] 5 
NC ] 6 
2Y ]7 
2A ]8 



O 

LJLJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 
nnnnn 



18[ 4A 
17[ 4Y 
16[ NC 
15[ G 
14[ 3Y 



CD Q o m < 
w z Z n co 

o 



The SN55173, SN65173, and SN75173 are 
monolithic quadruple differential line receivers 
with 3-state outputs. They are designed to meet 
the requirements of ANSI Standards 
EIA/TIA-422-B, EIA/TIA-423-B, RS-485, and 
several ITU recommendations. The standards are 
for balanced multipoint bus transmission at rates 
up to 1 0 megabits per second. The four receivers 
share two OR enable inputs, one active when nc-No internal connection 

high, the other active when low. The '173 devices feature high input impedance, input hysteresis for increased 
noise immunity, and input sensitivity of ±200 mV over a common-mode input voltage range of -12 to 12 V. 
Fail-safe design ensures that if the inputs are open circuited, the outputs are always high. The SN65173 and 
SN75173 are designed for optimum performance when used with the SN75172 or SN75174 quad differential 
line drivers. 

The SN55173 is characterized over the full military temperature range of -55°C to 125°C. The SN65173 is 
characterized for operation from -40°C to 85°C. The SN751 73 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information is current as of_publicatlon date. H . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments ^Bl2a\ _ 



standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic symbolt 

4 



G 
G 

1A 
IB 
2A 
2B 
3A 
3B 
4A 
4B 



12 





EN 




r 



logic diagram (positive logic) 

4 



2 


JT> 


3 


1 IS 


V 


5 


6 




7 r> 


11 


10 




9 IS 


13 


14 




15 IS 







1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the D, J, and N packages. 



FUNCTION TABLE 
(each receiver) 



2A 
2B 



3A 
3B 



4A 
4B 




DIFFERENTIAL 
A-B 


ENABLES 
G G 


OUTPUT 
Y 


V| D > 0.2 V 


H X 
X L 


H 
H 


-0.2 V<V|D< 0.2 V 


H X 
X L 


? 
? 


V|D<-0.2V 


H X 
X L 


L 
L 


X 


L H 


Z 


Open circuit 


X L 
H X 


H 
H 



H = high level, 
X = irrelevant, 



L = low level, ? = indeterminate, 
Z = high impedance (off) 



11 



13 



1Y 



2Y 



3Y 



4Y 
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schematics of inputs and outputs 



EQUIVALENT OF EACH A OR B INPUT 



V C C 



100 kQ 
NOM 

A Pins Only 

| 16.8 kQ 
Input ^ NOM 

100 kQ 
NOM 
B Pins Only 



m 




EQUIVALENT OF G OR G INPUT 
VCC 

' 8.3 
NOM 



Input -f-f 



m rii 



TYPICAL OF ALL OUTPUTS 

" v cc 




Output 



m 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc ( see Note 1 ) • ■ • • 7 v 

Input voltage (V| or B inputs) — ±25 V 

Differential input voltage, Vid (see Note 2) ±25 V 

Enable input voltage, V| — — 7 V 

Low-level output current, Iql • • • • 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, SN551 73 -55°C to 1 25°C 

SN65173 , -40°Cto85°C 

SN75173 0°Cto70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Case temperature for 60 seconds, FK package 260°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: D or N package — 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds; J package 300°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING 
FACTOR 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 




FK 


1375 mW 


11.0 mW/°C 


880 mW 


715mW 


275 mW 


J 


1375mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqq 


SN55173 


4.5 5 5.5 


V 


SN65173, SN75173 


4.75 5 5.25 


Common-mode input voltage, V|c 


±12 


V 


Differential input voltage, V|d 


±12 


V 


High-level enable-input voltage, Vm 


2 


V 


Low-level enable-input voltage, Vjl 


0.8 


V 


High-level output current, Ioh 


-400 


HA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, Ta 


SN55173 


-55 125 


°C 


SN65173 


-40 85 


SN75173 


0 70 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Vo= 2.7 V, Iq = -0.4 mA 


0.2 


V 


V|t_ Negative-going input threshold voltage 


Vq= 0.5 V, Iq= 16 mA 


-0.2* 


V 


Vhvs Hysteresis (V|t + -V|T-) 


See Figure 4 


50 


mV 


V|k Enable-input clamp voltage 


l|=-18mA 


-1.5 


V 


Voh High-level output voltage 


V|D = 200 mV, Ioh = _4 00 


SN55173 


2.5 


V 


SN65173, 
SN75173 


2.7 


Vol Low-level output voltage 


V|d = -200 mV, See Figure 1 


lOL = 8 mA 


0.45 


V 


Iql 08 1 6 mA 


0.5 


loz High-impedance-state output current 


Vq= 0.4 V to 2.4 V 


±20 


MA 


1 1 Line input current 


Other input at 0 V, See Note 3 


V| = 12V 


1 


mA 


V|=-7V 


-0.8 


l|H High-level enable-input current 


V|H = 2.7V 


20 


HA 


1 1 1_ Low-level enable-input current 


V|L = 0.4V 


-100 


MA 


rj Input resistance 




12 


kQ 


lOS Short-circuit output current 




-15 -85 


mA 


Iqc Supply current 


Outputs disabled 


70 


mA 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltage 
levels only. 

NOTE 3: Refer to ANSI Standards EIA/TIA-422-B and EIA/TI A423-B for exact conditions. 
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switching characteristics, V cc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tp|_H Propagation delay time, low-to-high-level output 


V| D = -1.5Vto1.5V, C L =15pF, 
See Figure 1 


20 35 


ns 


tPHL Propagation delay time, high-to-low-level output 


22 35 


ns 


tpzH Output enable time to high level 


C|_ = 1 5 pF, See Figure 2 


17 22 


ns 


tpZL Output enable time to low level 


C[_ = 15 pF, See Figure 3 


20 25 


ns 


*PHZ Output disable time from high level 


C|_ = 5 pF, See Figure 2 


21 30 


ns 


tPLZ Output disable time from low level 


C|_ = 5 pF, See Figure 3 


30 40 


ns 



PARAMETER MEASUREMENT INFORMATION 



Generator 


r 


(see Note A) 


>50Q | 


t fM 



2V 




Output 

C L = 15 pF 
_L (see Note B) 



Input 



tpLH -*\ N- 



Output 



1.5 V 
[2.5 V] 

-1.5 V 

k-tpH L f- 2 - 5V i 

H" Vqh 



1.3 V 1.3 V : 
VOLTAGE WAVEFORMS 



vol 



1.5 V 
[2.5 V] 




TEST CIRCUIT 

Figure 1. tpLH» tpHL Test Circuit and Voltage Waveforms 

v cc 

Output ^ 2kn 



^£ (see Note B) 



Input 



1.3 V 



3V 
0V 



5kQ 



See Note C 



Output 
S1 Open 



tpZH ->lk- tpHZ-N K— 

j I 0.5V 

\j \S sr-jr^- v oh 

4 1.3 V V f S1 Closed 



»ov 

VOLTAGE WAVEFORMS 



<1.4V 



TEST CIRCUIT 

Figure 2. tpHZ> tpzH Test Circuit and Voltage Waveforms 

[] represent voltages on the SN55 173 only. 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 

B. C(_ includes probe and jig capacitance. 

C. All diodes are 1 N9 16 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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PARAMETER MEASUREMENT INFORMATION 
vcc 




2kC2 



4r (see Note B) 



Input 



jf 1.3 v" N ^1.3V 



3V 
0V 



5kQ 



See Note C 



/S2 




VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 3. tpzit tpLZ Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r <6 ns, tf < 6 ns, 
Zo = 50£5. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N91 6 or equivalent. __ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 



TYPICAL CHARACTERISTICS 



5 

4.5 
4 

> 

I 3.5 

© 

m 

S 3 

H, 2.5 

a- 

3 2 

I 

5? 1.5 

1 

0.5 
0 



OUTPUT VOLTAGE 
VS 

DIFFERENTIAL INPUT VOLTAGE 



, 

vc 


r 

:c = £ 


► V 


r- r 1 

l 0 


= 0 




1 — -i 

T A =-25" 


C 






— 


— 


f 










jr- 






V|C 






Vj 


c~ 




V|C 
121 










-12 V 

! 


0 




/ 








V| T 






V|T- 




Vrr- 








f 


V|T* 




h 


'lT + 


i \ 


r 

















































































































-125-100-75 -50 -25 0 25 50 75 100 125 
V|d - Differential Input Voltage - mV 

Figure 4 
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HIGH-LEVEL OUTPUT VOLTAGE 

VS 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 5 
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TYPICAL CHARACTERISTICS 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 6 
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vs 

LOW-LEVEL OUTPUT CURRENT 



vcc 
t a = 


= 5V 
25°C 







































































5 10 15 20 25 
Iql - Low-Level Output Current - mA 

Figure 7 
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OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



""" ■'"I T 

V| D = 0.2 V 








T A = 2 


5°C 




vcc 


= 5.5 V 










V C C = 5 V 










1 

V C C = 4.5 V 
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Figure 9 
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SN55173, SN65173, SN75173 

QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

SLLS144B - OCTOBER 1980 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE INPUT CURRENT 

vs vs 
ENABLE G VOLTAGE INPUT VOLTAGE 




0 0.5 1 1.5 2 2.5 3 -8 -6 -4 -2 0 2 4 6 8 10 12 

V| -Enable G Voltage -V V| - Input Voltage - V 



Figure 10 Figure 11 



1/4SN75172 



1/4 SN75173 



APPLICATION INFORMATION 




AV-vA 

/ \ V Driver/Receiver y / X 
T Pairs T 



1/4 SN75172 1/4 SN75173 



1/4SN75173 1/4SN75174 



1/4SN75175 



* — d 

- T * Tl \ 




1/4SN75174 



NOTE A: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as 
possible. 

Figure 12. Typical Application Circuit 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS132C- SEPTEMBER 1991 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B, EIA/TIA-423-B, and 
RS-485 

Meets or Exceeds the Requirements of ITU 
Recommendations V.10, V.11, X.26, and 
X.27 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 
3-State Outputs 

Common-Mode Input Voltage Range of 
-12 V to 12 V 

Input Sensitivity . . . ±200 mV 

Input Hysteresis . . . 50 mV Typ 

High Input Impedance . . . 12 kQ Min 

Operates From Single 5-V Supply 

Low Supply Current Requirement 
27 mA Max 



description 



The SN75ALS173 is a monolithic quadruple 
differential line receiver with 3-state outputs. It is 
designed to meet the requirements of ANSI 
Standards EIA/TIA-422-B, EIA/TIA-423-B, 
RS-485, and several ITU recommendations. 
Advanced low-power Schottky technology provides 
high speed without the usual power penalty. The 
four receivers have an ORed pair of enables in 
common. Either G high or G low enables all of the 
receivers. The device features high input imped- 
ance, input hysteresis for increased noise 
immunity, and input sensitivity of ±200 mV over a 
common-mode input voltage range of -12 V to 
12 V. 

The SN75ALS173 is characterized for operation 
from 0°C to 70°C. 



N OR NSt PACKAGE 
(TOP VIEW) 




t The NS package is only available left-end taped and 
reeled (order device SN75ALS1 73 NSLE). 

logic symbol* 



G 

G 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 



12 



> 1 



EN 



2 


V 


3 


1 IS 


5 


6 




7 r> 


11 


10 




9 IS 


13 


14 




15 IS 







1Y 



2Y 



3Y 



4Y 



+ This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 



logic diagram (positive logic) 

4 



2A 
2B 



3A 
3B 



4A 

4B 



1Y 



2Y 



3Y 



4Y 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS1 32C - SEPTEMBER 1 991 - REVISED MAY 1 995 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLES 
G G 


OUTPUT 
Y 


V|D > 0.2 V 


H X 
X L 


H 
H 


-0.2 V<V|D< 0.2 V 


H X 

X L 


9 
? 


V|D < -0.2 V 


H X 
X L 


L 
L 


X 


L H 


Z 


Open Circuit 


H X 
X L 


H 
H 



H m high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



schematics of inputs and outputs 



EQUIVALENT OF EACH A OR B INPUT 



V C C(A) 

or 
GND (B) 



GND - 




EQUIVALENT OF G OR G ENABLE INPUT 

vcc — " 



Input 



GND- 



T 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 



SLLS132C- SEPTEMBER 1991 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage, V| (A or B inputs) ±14 V 

Differential input voltage, V|p (see Note 2) ± 1 4 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


N 


1150 mW 


9.2 mW/°C 


736 mW 


NS 


625 mW 


5.0mW/°C 


400 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


Common-mode input voltage, Vjc 


±12 


V 


Differential input voltage, V| d 


±12 


V 


High-level input voltage, V|h 


G,G 


2 


V 


Low-level input voltage, V||_ 


G, G 


0.8 


V 


High-level output current, Ioh 


-400 


ma 


Low-level output current, Iql 


8 


mA 


Operating free-air temperature, T A 


0 70 


°c 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS1 32C - SEPTEMBER 1 991 - REVISED MAY 1995 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v Positive-going input threshold 

11+ \/nltfl/"iA 

• 1 T vuiidyc 




200 


mV 


v Negative-going input threshold 
voltage 




-200* 


mV 


v hys Hysteresis voltage (Vjj + - V| t_) 




50 


mV 


V|k Input clamp voltage G,G 


l| =-18mA 


-1.5 


V 


v OH High-level output voltage 


V|d = 200 mV, Iqh = -400 \iA, See Figure 1 


2.7 


V 


Vql Low-level output voltage 


V|D = -200mV, Iol = 8tiA, See Figure 1 


0.45 


V 


lOZ High-impedance-state output current 


Vq= 0.4 V to 2.4 V 


±20 


HA 


l| Line input current 


Other input at 0 V 


V| = 12V 


1 


mA 


V| = -7V 


-0.8 


l|H High-level input current 


G, G 


V|H = 2.7 V 


20 


HA 


Low-level input current 


G, G 


V )L = 0.4V 


-100 


>A 


rj Input resistance 




12 


kQ 


lOS Short-circuit output current 


See Note 4 


-15 -85 


mA 


Iqc Supply current (total package) 


No load, Outputs enabled 


16 24 


mA 


No load, Outputs disabled 


18 27 



t All typical values are at Vrjc = 5 V and Ta = 25°C. 
$ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltage 
levels only. 

NOTES: 3. Refer to ANSI Standard RS-485 for exact conditions. 

4. The duration of the short circuit should not cause the maximum package power dissipation to be exceeded. 

switching characteristics, Vqc = 5 V, Cl = 15 pF, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


*PHL 


Propagation delay time, high- to low-level output 


V| D = -2.5Vto2.5 V, 


9 


18 


27 


ns 


tPLH 


Propagation delay time, low- to high-level output 


See Figure 2 


9 


18 


27 


ns 


tPZH 


Output enable time to high level 


See Figure 3 


4 


12 


18 


ns 


*PZL 


Output enable time to low level 


See Figure 4 


6 


13 


21 


ns 


tPHZ 


Output disable time from high level 


See Figure 3 


10 


21 


27 


ns 


tPLZ 


Output disable time from low level 


See Figure 4 


8 


15 


25 


ns 



PARAMETER MEASUREMENT INFORMATION 

— — 

VOH 





Figure I.Vqh, Vql 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS132C- SEPTEMBER 1991 - REVISED MAY 1995 



PARAMETER MEASUREMENT INFORMATION 



Generator 


r 


(see Note A) 


>50Q | 




1 I 4 




1 

l_ 

2V 




Output 

CL = 15pF 
(see Note B) 



2.5 V 



-2.5 V 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Test Circuit and Voltage Waveforms 
v CC 



Output 



I I 



(see Note B) 



S1 



2kQ 



5kQ 



See Note C 







Generator 


2V 


(see Note A) 


T See 



tpZH -UK- tpHZ K- 

| 0.5 V 

Output y r— V ° H 

SlOpen / 13V ^ V£j 1 5'°f v d 



: 50 Q 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zq = 50 Q. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N9 16 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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SN75ALS173 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS132C - SEPTEMBER 1 991 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 

v cc 



2.5 V 



Output 

-L- 



2kQ 



_L (see Note B) 



5k£ 









Generator 


2V 




(see Note A) 


T See Note 




> 50 


Q 









See Note C 



(S2 




TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 4. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ■ 1 MHz, duty cycle - 50%, t r < 6 ns, tf < 6 ns, 
Zq = 50 Q. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N91 6 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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SN55LBC173 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 



SGLS081 - MARCH 1995 



Meets EIA Standards RS-422-A, RS-423-A, 
RS-485, and CCITTV.11 
Designed to Operate With Pulse Durations 
as Short as 20 ns 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 

Input Sensitivity . . . ±200 mV 
Low-Power Consumption ... 20 mA Max 
Open-Circuit Fail-Safe Design 

Pin Compatible With SN75173 and 
AM26LS32 



description 



J OR W PACKAGE 
(TOP VIEW) 



1B[ 
1A[ 

1Y[ 
G[ 
2Y[ 
2A[ 
2B[ 
GND 



T7 



v C c 

4B 

4A 

4Y 

G 

3Y 
]3A 
]3B 



FK PACKAGE 
(TOP VIEW) 



< DO O O CD 
t- *£L ]> tJ" 



The SN55LBC173 is a monolithic quadruple 
differential line receiver with 3-state outputs and is 
designed to meet the requirements of the EIA 
standards RS-422-A, RS-423-A, RS-485, and 
CCITT V.1 1 . This device is optimized for balanced 
multipoint bus transmission at data rates up to and 
exceeding 10 million bits per second. The four 
receivers share two ORed enable inputs, one 
active when high, the other active when low. Each 
receiver features high input impedance, input 
hysteresis for increased noise immunity, and input 
sensitivity of ±200 mV over a common-mode input 
voltage range of 12 V to -7 V. Fail-safe design 
ensures that if the inputs are open circuited, the 
output is always high. The SN55LBC173 is designed using the Texas Instruments proprietary LinBiCMOS™ 
technology that provides low power consumption, high switching speeds, and robustness. 

This device offers optimum performance when used with the SN55LBC172M quadruple line driver. The 
SN55LBC173 is available in the 16-pin CDIP (J), the 16-pin CPAK (W), or the 20-pin LCCC (FK) packages. 

The SN55LBC173 is characterized over the military temperature range of-55°C to 125 6 C. 




CD Q O 00 < 
CM 2 ~2L 00 00 

NC - No internal connection 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLES 
G G 


OUTPUT 
Y 


V| D > 0.2 V 


H X 
X L 


H 
H 


-0.2 V<V|D<0.2 V 


H X 
X L 


? 
? 


V|D<-0.2V 


H X 
X L 


L 
L 


X 


L H 


Z 


Open circuit 


H X 
X L 


H 
H 



H = high level, L = low level, X = irrelevant, 
Z = high impedance (off), ? - indeterminate 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication data. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 
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logic symbolt 



G 
G 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 



12 



>1 



logic diagram (positive logic) 

& 



12 



2 




3 


1 Is 


I 


5 


6 




7 IS 


11 


10 




• tv 


13 


14 




15 IS 







1Y 
2Y 
3Y 
4Y 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the J or W package. 

schematics of inputs and outputs 



1A 
1B 

2A 
2B 

3A 
3B 

4A 
4B 



1Y 



2Y 



3Y 



4Y 



EQUIVALENT OF A AND B INPUTS 

v cc — < 

100 kQ< 
A Only * 



l 



Input -f^AW 



18k£2 



Receiver 



100 k&< 
BOnly< 




TYPICAL OF ALL OUTPUTS 

- v cc 



2 



1 



Y Output 



TYPICAL OF G AND G INPUTS 



Input 




-vcc 



\ 
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SN55LBC173 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) -0.3 V to 7 V 

Input voltage, V| (A or B Inputs) ±25 V 

Differential input voltage, Vid (see Note 2) ±25 V 

Data and control voltage range -0.3 V to 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to GND. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 125°C 
POWER RATING 


FK 


1375 mW 


11.0mW/°C 


275 mW 


J 


1375 mW 


11.0 mW/°C 


275 mW 


W 


1000mW 


8.0 mW/°C 


200 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


-7 12 


V 


Differential input voltage, V|d 




V 


High-level input voltage, V|h 


G inputs 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Ioh 


-8 


mA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, Ta 


-55 125 


°C 
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SN55LBC173 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



DAD1UCTCD 

rAHAMfc 1 fcrl 


1 col V/UNUITIUNb 


MIN lYrl MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Iq = — 8 mA 


0.2 


V 


V| Negative-going input threshold voltage 


Iq =16 mA 


-0.2 


V 


V n ys Hysteresis voltage (V|t + - Vrr-) 




45 


mV 


V|k Enable input clamp voltage 


lj=-18mA 


-0.9 -1.5 


V 


Vqh High-level output voltage 


Vjd = 200 mV, Iqh = ~8 mA 


3.5 4.5 


V 


Vol Low-level output voltage 


V|D = -200 mv, Iql = ' 6 mA 


0.3 0.5 


V 


Vjd = -200 mv, Iql = ' 6 m A, T/\ = 1 25 C 


0.7 


'OZ High-impedance-state output current 


Vq = 0 V to Vqc 


±20 


HA 


l| Bus input current 


Aor B 
inputs 


v|f-j = i<: v, ^CC = ov, utner inputs at u v 


0-7 1 


mA 


Vih = 1 2 V, Vcc = 0 V, Other inputs at 0 V 


0.8 1 


V|h = -7 V, Vqc = 5 V, Other inputs at 0 V 


-0.5 -0.8 


Vih - -7 V, Vcc - 0 V, Other inputs at 0 V 


-0.4 -0.8 


l|H High-level input current 


V, H = 5V 


±20 


HA 


l|l_ Low-level input current 


V| L = 0V 


-20 


HA 


Iqs Short-circuit output current 


v 0 = o 


-80 -120 


mA 


ICC Supply current 


Outputs enabled, lo = 0, V|p = 5 V 


11 20 


mA 


Outputs disabled 


0.9 1.4 



t All typical values are at Vcc = 5 V and T A = 25°C. 

switching characteristics, Vqc = 5V, Cl = 15 pF 



PARAMETER 


TEST CONDITIONS 


TA 


MIN 


TYP 


MAX 


UNIT 


tPHL 


Propagation delay time, high-to-low-ievel output 


V|D = -1.5 V to 1.5 V, 


25°C 


11 


22 


30 


ns 


See Figure 1 


-55°C to125°C 


11 




35 


tPLH 


Propagation delay time, low-to-high-level output 


V| D = -1.5Vto1.5V, 


25°C 


11 


22 


35 


ns 


See Figure 1 


-55°C to125°C 


11 




35 


tpZH 


Output enable time to high level 


See Figure 2 


25°C 




17 


40 


ns 


-55°Cto125°C 


45 


tpZL 


Output enable time to low level 


See Figure 3 


25°C 




18 


30 


ns 


-55°Cto125°C 


35 


tpHZ 


Output disable time from high level 


See Figure 2 


25°C 




30 


40 


ns 


-55°C to125°C 


55 


tPLZ 


Output disable time from low level 


See Figure 3 


25°C 




25 


40 


ns 


-55°Cto125°C 


45 


^(p) 


Pulse skew (Itpm - *PLH0 


See Figure 1 


25°C 




0.5 


6 


ns 


-55°C to125°C 


7 


tt 


Transition time 


See Figure 1 


25°C 




5 


10 


ns 


-55°Cto125°C 


16 
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PARAMETER MEASUREMENT INFORMATION 



Generator 


r 


(see Note A) 


>50Q | 


T 



1.5 V 



2V 




I- Output 
Ci_ = 15pF 
^ (see Note B) 





TEST CIRCUIT 

Figure 1. t pd and t t Test Circuit and Voltage Waveforms 

vcc 

H^T ^ — T N ? 



VOLTAGE WAVEFORMS 



CL = 15pF 
(see Note B) 



5kft 





LL 




2V 


Generator 




(see Note A) 





See Note C 




Output 
S1 Open 



V 0H 

I.3V V f S 1 Closed 

. o V « 1.4 V 

VOLTAGE WAVEFORMS 



(see Note D) 



TEST CIRCUIT 

Figure 2. tpHz and tpzH Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50a 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N9 16 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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-1.5 V 



PARAMETER MEASUREMENT INFORMATION 

v cc 




-j Output 

| T 1 T ' < 

_LC L = 15pF 
■ (see Note B) 
I - > 5kQ 



2kQ 









2 V 


Generator 




(see Note A) 





50 Q 

(see Note D) 



Input 



See Note C 



Output 



(S2 




VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 3. tpzL and tpLz Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR - 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1 N9 16 or equivalent. _ 

D. To test the active-low enable G, ground Q and apply an inverted input waveform to G. 

TYPICAL CHARACTERISTICS 
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O 

l 

=? 



4.5 
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3 
2.5 
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1 
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OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



V C c = 5V 
T A = 25°C 
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it . . 

o 



o 
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>" 
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V|d - Differential Input Voltage -mV 

Figure 4 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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TYPICAL CHARACTERISTICS 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



T A = 25*C 
" V C C = 5V 
V| D = 200 mV 
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Figure 6 
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AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 




Ta = 25°C 
Vqc = 5V 
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f - Frequency - Hz 

Figure 7 
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vs 
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(COMPLEMENTARY INPUT AT 0 V) 
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PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 
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QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 



SLLS170A- OCTOBER 1993 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B, 
EIA/TIA-423-B, RS-485, and ITU 
Recommendations V.10 and V.11. 

Designed to Operate With Pulse Durations 
as Short as 20 ns 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 
Input Sensitivity . . . +200 mV 
Low-Power Consumption . . . 20 mA Max 
Open-Circuit Fail-Safe Design 

Pin Compatible With SN75173 and 
AM26LS32 



description 



The SN65LBC173 and SN75LBC173 are 
monolithic quadruple differential line receivers 
with 3-state outputs and are designed to meet the 
requirements of the ANSI standards 
EIA/TIA-422-B, EIA/TIA-423-B, RS-485, and ITU 
Recommendations V.10 and V.11. The devices 
are optimized for balanced multipoint bus 
transmission at data rates up to and exceeding 
10 million bits per second. The four receivers 
share two ORed enable inputs, one active when 
high, the other active when low. 

Each receiver features high input impedance, 
input hysteresis for increased noise immunity, and 
input sensitivity of ±200 mV over a common-mode 
input voltage range of 12 V to -7 V. Fail-safe 
design ensures that if the inputs are open 
circuited, the output is always high. Both devices 
are designed using the Texas Instruments 
proprietary LinBiCMOS™ technology that 
provides low power consumption, high switching 
speeds, and robustness. 

These devices offer optimum performance when 
used with the SN75LBC172 or SN75LBC174 
quadruple line drivers. The SN65LBC173 and 
SN75LBC173 are available in the 16-pin DIP (N) 
and SOIC (D) packages. 

The SN65LBC173 is characterized over the 
industrial temperature range of -40°C to 85°C. 
The SN75LBC173 is characterized for operation 
over the commercial temperature range of 0°C 
to70°C. 



D OR N PACKAGE 
fTOP VIEW) 



1BQ 

1A 
1Y 
G 
2Y 
2A 
2B 
GND 



]v cc 

4B 
]4A 
]4Y 
]G 
]3Y 
]3A 
]3B 



logic symbolt 



G 
G 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 



12 



£1 






_X 



2 


l 


3 


1 rs 


5 


6 




7 N 


11 


10 




9 K 


13 


14 




15 IN 







1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 
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LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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SN65LBC173, SN75LBC173 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 
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FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLES 
G G 


OUTPUT 
Y 


V| D > 0.2 V 


H X 
X L 


H 
H 


-0.2 V<V|D< 0.2 V 


H X 
X L 


? 
? 


V|D<-0.2V 


H X 
X L 


L 
L 


X 


L H 


Z 


Open Circuit 


H X 
X L 


H 
H 



H - high level, L = low level, X - irrelevant, 
Z = high impedance (off), ? = indeterminate 



schematics of inputs and outputs 



EQUIVALENT OF A AND B INPUTS 



V CC — < 

100 m« 

A Only 4 



Input —♦♦AAA/ — f 

1 18 kQ 



3kQ 



100 kQ< 
BOnly< 



Receiver 



;i2kQ 



TYPICAL OF ALL OUTPUTS 

- v cc 



3 



2 



1 



Y Output 



TYPICAL OF G AND G INPUTS 



Input 




-v cc 
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QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) -0.3 V to 7 V 

Input voltage, V| (A or B inputs) ±25 V 

Differential input voltage, V|d (see Note 2) ±25 V 

Data and control voltage range -0.3 V to 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65LBC1 73 -40°C to 85°C 

SN75LBC173 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to GND. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 86°C 
POWER RATING 


D 
N 


1100 mW 
1510 mW 


8.7 mW/°C 
12.1 mW/°C 


708 mW 
965 mW 


578 mW 
784 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, Vic 


-7 12 


V 


Differential input voltage, V|d 


±6 


V 


High-level input voltage, V|h 


G inputs 


2 


V 


Low-level input voltage, V| |_ 


0.8 


V 


High-level output current, Iqh 


-8 


mA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, Ta 


SN65LBC173 


-40 85 


°c 


SN75LBC173 


0 70 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-489 



SN65LBC173, SN75LBC173 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 

SLLS170A- OCTOBER 1993 - REVISED MAY 1995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|t + Positive-going input threshold voltage 


lO = -8 mA 


0.2 


V 


Vj t_ Negative-going input threshold voltage 


lO=16mA 


-0.2 


V 


v hvs Hysteresis voltage ( V| j + - V|t_) 




45 


mV 


V|k Enable input clamp voltage 


l| = -18mA 


-0.9 -1.5 


V 


Vqh High-level output voltage 


V|d = 200 mV, Iqh = -8 nnA 


3.5 4.5 


V 


Vol Low-level output voltage 


V|D = -200mV, loL=16mA 


0.3 0.5 


V 


IQZ High-impedance-state output current 


V O = 0VtoV C C 


±20 


MA 


1 1 Bus input current 


AorB 
inputs 


V|h = 12V, Vcc * 5 V, Other inputs at 0 V 


0.7 1 


mA 
mA 


V|h-12V, Vqc-OV, Other inputs at 0 V 


0.8 1 


V|h--7V, Vqc- 5 V, Other inputs at 0 V 


-0.5 -0.8 


mA 


V|h«-7V, Vcc»0V, Other inputs at 0 V 


-0.4 -0.8 


mA 


I IH / High-level input current 


V| H *5V 


±20 


MA 


1 1 1_ Low-level input current 


V|L = 0V 


-20 


ma 


'OS Short-circuit output current 


v 0 -o 


-80 -120 


mA 


Iqc Supply current 


Outputs enabled, Iq = 0, V|d»5V 


11 20 


mA 


Outputs disabled 


0.9 1.4 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

switching characteristics, Vcc = 5 V, Cl = 15 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPHL 


Propagation delay time, high- to low-level output 


V|D - -1 .5 V to 1 .5 V, See Figure 1 


, 11 


22 


30 


ns 


tPLH 


Propagation delay time, low- to high-level output 


11 


22 


30 


ns 


tPZH 


Output enable time to high level 


See Figure 2 




17 


30 


ns 


tPZL 


Output enable time to low level 


See Figure 3 




18 


30 


ns 


tPHZ 


Output disable time from high level 


See Figure 2 




35 


45 


ns 


tPLZ 


Output disable time from low level 


See Figure 3 




25 


40 


ns 


tsk(p) 


Pulse skew (ItpHL ~ tPLH 1 ) 


See Figure 2 




0.5 


6 


ns 


tt 


Transition time 


See Figure 1 




5 


10 


ns 
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Generator 


r 


(see Note A) 


>50Q | 


T fM 



PARAMETER MEASUREMENT INFORMATION 



Output 



1.5 V 




CL = 15pF 
(see Note B) 




TEST CIRCUIT 

Figure 1. t pc j and t t Test Circuit and Voltage Waveforms 

v cc 

Output £ 2 kQ 



VOLTAGE WAVEFORMS 




^ — 

|_L C L = 15pF 
I ^ (see Note B) 



S1 



5kQ 



See Note C 









2V 


Generator 


(see Note A) 





1.3 V 



3V 
OV 



\l.3V 

I |> 

tpZH — ^1 N — t PHZ 
1 I 0.5V 

output 1/ M ST-3:- voh 

81 Open £^ 3V S1 Closed 



ov 



*1.4V 



VOLTAGE WAVEFORMS 



(see Note D) 



TEST CIRCUIT 

Figure 2. t PH z and t PZH Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1 N9 16 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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1.5 V 



PARAMETER MEASUREMENT INFORMATION 
vcc 




Output 

+-» — 



It • 1 

! J_ C L = 15pF 



j^P (see Note B) 





1 x__. 




2V 


Generator 




(see Note A) 





50 Q 

(see Note D) 



5k£ 



2 kQ 



Input 



See Note C 



Output 



/S2 




VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 3. tpzL and tpLz Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1 N9 16 or equivalent. _ 

D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 

TYPICAL CHARACTERISTICS 
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Figure 4 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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TYPICAL CHARACTERISTICS 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



T A = 25°C 
V CC = 5V 
V| D = 200 mV 
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Iql - Low-Level Output Current - mA 

Figure 6 
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AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 

1 1 1 1 



T A = 25°C 
Vcc = 5V 
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f - Frequency - Hz 

Figure 7 
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BUS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 
(COMPLEMENTARY INPUT AT 0 V) 
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3 
Q. 


-0.2 
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-0.8 




-1 




Y The shaded region of this graph represents 
/ more than 1 unit load per RS-485. 
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V| - input Voltage - V 
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PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 
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SN75174 

QUADRUPLE DIFFERENTIAL LINE DRIVER 



SLLS039B - OCTOBER 1980 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and RS-485 
and ITU Recommendation V.11. 
Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

3-State Outputs 

Common-Mode Output Voltage Range of 

-7 V to 12 V 

Active-High Enable 

Thermal Shutdown Protection 

Positive- and Negative-Current Limiting 

Operates From Single 5-V Supply 

Low Power Requirements 

Functionally Interchangeable With MC3487 



description 



The SN75174 is a monolithic quadruple 
differential line driver with 3-state outputs. It is 
designed to meet the requirements of ANSI 
Standards EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11. The device is optimized 
for balanced multipoint bus transmission at rates 
up to 4 megabaud. Each driver features wide 
positive and negative common-mode output 
voltage ranges making it suitable for party-line 
applications in noisy environments. 

The SN75174 provides positive- and negative- 
current limiting and thermal shutdown for 
protection from line fault conditions on the 
transmission bus line. Shutdown occurs at a 
junction temperature of approximately 150°C. 
This device offers optimum performance when 
used with the SN75173 or SN75175 quadruple 
differential line receivers. 

The SN75174 is characterized for operation from 
0°Cto70°C. 

FUNCTION TABLE 
(each driver) 



INPUT 


ENABLE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



H = TTL high level, X = irrelevant, 

L = TTL low level, 

Z = high impedance (off) 



1A[ 
1Y[ 
1Z[ 
1,2EN[ 
2Z[ 
2Y[ 
2A[ 
GND [ 



N PACKAGE 
(TOP VIEW) 



16] V cc 
15]4A 
14]4Y 
13]4Z 
12]3,4EN 
11 ]3Z 
10]3Y 
9]3A 



DW PACKAGE 
(TOP VIEW) 




NC - No internal connection 



logic symbolt 



1.2EN 



1A 



| EN 



2A 



3.4EN 



3A 



4A 



1 


> 

V 
V 


2 


S 3 


7 


6 











12 



I EN 



9 


> 

V 
V 


10 


s 11 


15 


14 




S 13 







1Y 
1Z 
2Y 
2Z 



3Y 
3Z 
4Y 
4Z 



t This symbol is in accordance with ANSI/IEEE Std 91-984 
and I EC Publication 617-12. 
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QUADRUPLE DIFFERENTIAL LINE DRIVER 
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logic diagram, each driver (positive logic) 



EN 



schematics of inputs and outputs 




Data Inputs: R( d q) = 3 kQ NOM 
Enable Inputs: R( e q) = 8 kQ NOM 
R(eq) = equivalent resistor 



absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 

Supply voltage, Vqc (see Note 1) . . . . . 7 V 

Output voltage range, Vo • • . . -10 V to 15 V 

Input voltage, V| , 5.5 V 

Continuous total dissipation . See Dissipation Rating Table 

Operating free-air temperature range, T A . 0°C to 70°C 

Storage temperature range, T stg , -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 
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recommended, operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Common-mode output voltage, Vqc 


-7 to 12 


V 


High-level output current, Ioh 


-60 


mA 


Low-level output current, Iol 


60 


mA 


Operating free-air temperature, Ta 


0 70 


°C 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vik Input clamp voltage 


l| = -18mA 


-1.5 


V 


v OH High-level output voltage 


V|h = 2 V, V|L= 0.8 V, 
Iqh = -33 mA 


9 7 
O.I 


V 


Vol Low-level output voltage 


V| H = 2 V, V| L = 0.8 V, 
lOL = 33 mA 


1.1 


v 


Vo Output voltage 


io = o 


0 6 


V 


IVQD1 1 Differential output voltage 


io-o 


1.5 6 6 


V 


IVoD2' Differential output voltage 


RL=100Q, See Figure 1 


1/2VOD1 
or 2* 


V 


R|_ = 54 Q, See Figure 1 


1.5 2.5 5 


V 


VoD3 Differential output voltage 


See Note 2 


1.5 5 


V 


A|V Change in magnitude of differential output 
0DI voltage§ 


R|_ = 54 Q or 1 00 ft, See Figure 1 


±0.2 


V 


VOC Common-mode output voltage^ 


+3 
-1 


V 


AlVorl Cnan 9 e in magnitude of common-mode output 
oc voltage§ 


±0.2 


V 


lO Output current with power off 


Vcc = 0» Vo = -7Vto12V 


±100 


HA 


loz High-impedance-state output current 


Vo = -7Vto12V 


±100 


MA 


l|H High-level input current 


V| = 2.7V 


20 


ma 


l|L Low-level input current 


V| = 0.5V 


-360 


ma 


lOS Short-circuit output current 


V 0 =-7V 


-180 


mA 


Vo - Vqc 


180 


Vq = 12V 1 


500 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


38 60 


mA 


Outputs disabled 


18 40 



t All typical values are at Vcc = 5 V and Ta * 25°C. 

$ The minimum VqD2 witn a 1 0u "^ load is either 1/2 Vqdi or 2 V, whichever is greater. 

§ AIVod 1 ar, d AIVqc' ar © the changes in magnitude of Vod and v OC respectively, that occur when the input is changed from a high level to a low 
level. 

^ In ANSI Standard EIA/TIA-422-B, Voc» which is the average of the two output voltages with respect to ground, is called output offset voltage, 
VOS- 

NOTE 2: See EIA Standard RS-485. 
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switching characteristics, V cc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


td(OD) 


Differential-output delay time 


R L = 


54 Q, 


See Figure 2 


45 


65 


ns 


*t(OD) 


Differential-output transition time 


80 


120 


ns 


tpZH 


Output enable time to high level 


R L = 


110&, 


See Figure 3 


80 


120 


ns 


tPZL 


Output enable time to low level 


R L = 


110 Q, 


See Figure 4 


55 


80 


ns 


tPHZ 


Output disable time from high level 


R|_ = 


110 a 


See Figure 3 


75 


115 


ns 


tPLZ 


Output disable time from low level 


R L = 


110 Q, 


See Figure 3 


18 


30 


ns 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


v 0 


V oa , V ob 


V oa . V ob 


IVODll 


v 0 


V 0 


IV 0 D2" 


V t (RL= 100 Q) 


V t (Rl = 54 O) 


IVOD3I 




Vt (Test Termination) 
Measurement 2) 


AIVqdI 


MVtl-IVtll 


I IV t l — I 


v oc 


IV 0S I 


IV 0S I 


AlVoc" 


IVos-VosI 


IVos-VosI 


'OS 


Usai.ilsbl 




!o 


l"xal.i"xbl 


"ia-lib 



PARAMETER MEASUREMENT INFORMATION 



t 

VOD2 




voc 



Figure 1. Differential and Common-Mode Output Voltages 





TEST CIRCUIT 



~ 2,5V 

tt(OD) k- -ti U- tt(OD) 
VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle 50%, 
Zo = 50 Q. 

B. C|_ includes probe and stray capacitance. 

Figure 2. Differential-Output Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms 



5V 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 Ql 

B. C|_ includes probe and stray capacitance. 
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TYPICAL CHARACTERISTICS 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc = 


5V 
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Figure 5 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Figure 6 
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Figure 7 
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OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 
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Output Disabled 
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Figure 8 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 9 
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vs 
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Figure 10 



APPLICATION INFORMATION 



1/4SN75172 



1/4SN75173 




Up to 32 
RS-485 Unit Loads 
• • • 



R T5 



Wit 



1/4SN75174 



To 




1/4SN75175 



1/4SN75172 



1/4SN75173 



1/4SN75173 



1/4SN75174 



NOTE: The line length should be terminated at both ends in its characteristic impedance (Rj = Zq). Stub lengths off the main line should be kept 
as short as possible. 

Figure 11. Typical Application Circuit 
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SN65ALS174A, SN75ALS174A 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



SLLS122D - JULY 1991 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B and RS-485 

High-Speed Advanced Low-Power Schottky 
Circuitry 

Designed for up to 20-Mbps Operation in 
Both Serial and Parallel Applications 
Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

Low Supply Current Requirements 
55 mA Max 

Wide Positive and Negative Input/Output 
Bus Voltage Ranges 
Driver Output Capacity . . . ±60 mA 
Thermal-Shutdown Protection 

Driver Positive- and Negative-Current 
Limiting 

Functionally Interchangeable With SN75174 



description 



The SN65ALS1 74A and SN75ALS174A are 
quadruple line drivers with 3-state differential 
outputs. They are designed to meet the 
requirements of ANSI Standards EIA/TIA-422-B 
and RS-485. These devices are optimized for 
balanced multipoint bus transmission at rates of 
up to 20 Mbps. Each driver features wide positive 
and negative common-mode output voltage 
ranges that make them suitable for party-line 
applications in noisy environments. 

The SN65ALS174A and SN75ALS174A provide 
positive- and negative-current limiting and thermal 
shutdown for protection from line fault conditions 
on the transmission bus line. Shutdown occurs at 
a junction temperature of approximately 1 50°C. 

The SN65ALS1 74A is characterized for operation 
from -40°C to 85°C and the SN75ALS174A is 
characterized for operation from 0°C to 70°C. 



SN75ALS174A . . . N PACKAGE 
(TOP VIEW) 




SN65ALS174A, SN75ALS174A . 

(TOP VIEW) 



. DW PACKAGE 



u 




1 


20 


2 


19 


3 


18 


4 


17 


5 


16 


6 


15 


7 


14 


8 


13 


9 


12 


10 


11 



]Vcc 

]4A 
]4Y 

]NC 
]4Z 

] 3,4EN 

]3Z 

]NC 

]3Y 

]3A 



NC-No internal connection 

FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


z z 



H = high level, L = low level, X = irrelevant, 
Z - high impedance (off) 



PRODUCTION DATA Information is current as of publication date. m . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 
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logic symbol! 

1,2EN 4 [ iff 



1A 
2A 

3.4EN 
3A 
4A 



2 



1 


> V 
V 


2 


3 

S 


7 


6 




s 5 






. 




I 

10 


I- J 




9 


> V 
V 


N 11 


15 


14 











logic diagram (positive logic) 
1,2EN 4 



1Y 
1Z 
2Y 
2Z 



3Y 
3Z 
4Y 
4Z 



1A 



2A 



3,4EN 



3A 



4A 



MS 
MS 



6 



1Y 
1Z 



2Y 
2Z 



M>i 
MO 



M£ 



3Y 
3Z 

4Y 

. 13 
D 4Z 



14 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Pin numbers shown are for the N package. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 

V 35k£2N0M 



Input - 



m 



TYPICAL OF ALL OUTPUTS 

T~ — — v cc 



3 f 

— S 

— IT 



Output 



GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1) 7 V 

Input voltage, V| 7 V 

Output voltage range, Vq -9 V to 1 4 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: SN65ALS1 74A -40°C to 85°C 

SN75ALS1 74A 0°Cto70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network GND. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING 
FACTOR 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


585 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, Vjl 


0.8 


V 


Common-mode output voltage, Voc 


12 

-7 


V 


High-level output current, IrjH 


-60 


mA 


Low-level output current, Iql 


60 


mA 


Operating free-air temperature, Ta 


SN65ALS174A 


-40 85 




SN75ALS174A 


0 70 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| --18 mA 


-1.5 


V 


Vq Output voltage 


io = o 


0 6 


V 


I Vqdi 1 Differential output voltage 


l O = 0 


1.5 6 


V 


IVoD2' Differential output voltage 


R|_ = 100a 


See Figure 1 


1/2V 0 D1 
or 2$ 


V 


RL = 54Q 


1.5 2.5 5 


|V OD3' Differential output voltage 


See Note 2 


1.5 5 


V 


|y . Change in magnitude of 
a i v od 1 differential output voltage§ 


R|_ = 54 Q or 1 00 Q, See Figure 1 


±0.2 


V 


Vqc Common-mode output voltage^ 


3 
-1 


V 


|V . Change in magnitude of 
°C common-mode output voltage§ 


±0.2 


V 


Iq Output current with power off 


Vcc = 0, Vq= -7 V to 12 V 


±100 


IxA 


'OZ High-impedance-state output current 


V"o= -7 V to 12 V 


±100 


MA 


l|H High-level input current 


V| = 2.7V 


20 


ma 


i | [_ Low-level input current 


V| = 0.4 V 


-100 


ma 


lOS Short-circuit output current 


VQ=-7Vto12V 


±250 


mA 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


36 55 


mA 


Outputs disabled 


16 30 



t All typical values are at Vcq - 5 v a nd T A = 25 °C 

$ The minimum Vqd2 witn a 1 u0_ ^ load is either 1 12 Vqdi or 2 v > whichever is greater. 

§ A I Vqd' and A I Vqc 1 are tne changes in magnitude of Vqd and Vqc» respectively, that occur when the input is changed from a high level to a 
low level. 

1f In ANSI Standard EIA/TIA-422-B, Vqc> which is the average of the two output voltages with respect to ground, is called output offset voltage, 

vos- 

NOTE 2: See EIA Standard RS-485, Figure 3-5, Test Termination Measurement 2. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


*d(OD) 


Differential output delay time 


R L = 


54 Q, 


See Figure 2 


9 


15 


22 


ns 


tpZH 


Output enable time to high level 


R L = 


110G, 


See Figure 3 


30 


45 


70 


ns 


tpZL 


Output enable time to low level 


R L = 


110 Q, 


See Figure 4 


25 


40 


65 


ns 


tPHZ 


Output disable time from high level 


R L = 


110 n, 


See Figure 3 


10 


20 


35 


ns 


tPLZ 


Output disable time from low level 


R L = 


110 Q, 


See Figure 4 


10 


30 


45 


ns 



t All typical values are at Vqc = 5 v and T A = 25 °C 
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PARAMETER MEASUREMENT INFORMATION 

__ 



2 



V 0 D2 



R L J 
2 Y 



Figure 1. Differential and Common-Mode Output Voltages 



Generator 
(see Note A) 




54 Q 



Input 



3V j 



OV 



1.5 V 



i ' — T * 

| 4^ C L = 50pF 

j _L (see Note B) 



Output ^ 



1.5 V 



j 4 — td(ODH) j^d(ODL) 
Z Output Z v | y 

tY * 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, Zo = 50 ii, duty cycle = 50%, tf < 5 
ns, t r <5ns. 
B. C|_ includes probe and stray capacitance. 

Figure 2. Differential-Output Test Circuit and Delay and Transition Times Voltage Waveforms 



0Vor3V 



Generator 
(see Note A) 



f/- J j C L = 50pF^ > R L = 110Q 



50 £2 LjT . I (see Note B) 



TEST CIRCUIT 



Inpu t ^ 1.5 V 



1.5 V 



tpZH 



Output 



JT2.3V 



3V 



0V 



0.5 V 
"-J^Z V OH 



I ^Voff«0V 
tpHZ-N W- 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ■ 1 MHz, Zq = 50 Q, duty cycle - 50%, tf < 5 
ns, t r <5ns. 
B. C|_ includes probe and stray capacitance. 

Figure 3. Test Circuit and Voltage Waveforms, tpzH and tpHz 
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PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR - 1 MHz, Zq - 50 Q, duty cycle * 50%, tf < 5 
ns, t r < 5 ns. 
B. C|_ includes probe and stray capacitance. 

Figure 4. Test Circuit and Voltage Waveforms, t PZ [_ and tpLz 



2-508 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN55LBC174 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVER 



SGLS082- MARCH 1995 



Meets EIA Standard RS-485 

Designed for High-Speed Multipoint 
Transmission on Long Bus Lines in Noisy 
Environments 

Supports Data Rates up to and Exceeding 
Ten Million Transfers Per Second 

Common-Mode Output Voltage Range of 
-7 V to 12 V 

Positive- and Negative-Current Limiting 
Low Power Consumption ... 1.5 mA Max 
(Output Disabled) 



description 



The SN55LBC174 is composed of monolithic 
quadruple differential line drivers with 3-state 
outputs. This device is designed to meet the 
requirements of the Electronics Industry 
Association (EIA) Standard RS-485 and is 
optimized for balanced multipoint bus 
transmission at data rates up to and exceeding 1 0 
million bits per second. Each driver features wide 
positive and negative common-mode output 
voltage ranges, current limiting, and 
thermal-shutdown protection making it suitable for 
party-line applications in noisy environments. This 
device is designed using LinBiCMOS™, 
facilitating ultra-low power consumption and 
inherent robustness. 

The SN55LBC174 provides positive and 
negative-current limiting and thermal shutdown 
for protection from line fault conditions on the 
transmission bus line. This device offers optimum 
performance when used with the SN55LBC173 
quadruple line receiver. The SN55LBC174 is 
available in the 16-pin CDIP package (J), the 
16-pin CPAK (W), or the 20-pin LCCC package 
(FK). 

The SN55LBC174 is characterized for operation 
over the military temperature range of -55°C to 
125°C. 



J OR W PACKAGE 
(TOP VIEW) 



1A[ 


1 


U ie 


]v C c 


1Y[ 


2 


15 


]4A 


1Z[ 


3 


14 


]4Y 


1,2EN[ 


4 


13 


]4Z 


2Z[ 


5 


12 


]3,4EN 


2Y[ 


6 


11 


]3Z 


2A[ 


7 


10 


]3Y 


GND [ 


8 


9 


]3A 



FK PACKAGE 
(TOP VIEW) 




< >- 

CO CO 



NC - No internal connection 



FUNCTION TABLE 
(each driver) 



INPUT 


ENABLE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



H = high level, L = low level, 

X = irrelevant, Z = high impedance (off) 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 
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logic symbolt 

4 



logic diagram (positive logic) 



1,2EN 

1A 
2A 

3,4EN 

3A 
4A 



I EN 



2 



1 


> 

V 
V 


2 


v 3 


7 


6 




S 5 










10 




- — i 


9 


> 

V 
V 


^ 11 


15 


14 




S 13 







1Y 
1Z 
2Y 
2Z 



3Y 
3Z 
4Y 
4Z 



1A 
1.2EN 
2A 



1Y 
1Z 



2Y 
2Z 



3A- 



3.4EN - 



12 



15 



4A- 



-W 



3Y 
3Z 



14 



4Y 
4Z 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 

and IEC Publication 617-12. 
Pin numbers shown are for the J or W package. 

schematic of inputs and outputs 



ALL INPUTS 



f ~ vcc 



200 Q 
Input — VW- 



liA 



Y OR Z OUTPUT 



vcc — 



7 



Driver 



Output 



7, 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.3 V to 7 V 

Output voltage range, Vq - -1 0 V to 1 5 V 

Input voltage range, V| -0.3 V to 7 V 

Continuous power dissipation internally limited* 

Operating free-air temperature range, -55°C to 1 25°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds -65°C to 1 50°C 



. t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

t The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 

NOTE 1 : All voltage values are with respect to GND. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWERRATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 125°C 
POWERRATING 


FK 


1375 mW 


11.0mW/°C 


275 mW 


J 


1375 mW 


11.0mW/°C 


275 mW 


w 


1000mW 


8.0 mW/°C 


200 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


v 


Low-level input voltage, V|l 


0.8 


V 


Voltage at any bus terminal (separately or common mode), Vo 


YorZ 


12 


V 


-7 


High-level output current, IrjH 


YorZ 


-60 


mA 


Low-level output current, Iql 


YorZ 


60 


mA 


Operating free-air temperature, T A 


-55 125 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| = -18mA 


-1.5 


V 


IVqqI Differential output voltage^* 


Rl_ = 54 Q, See Figure 1 


1.1 1.8 5 


v 


R|_ - 60 CI, See Figure 2 


1.1 1.7 5 


AIVod 1 Change in magnitude of differential output voltage§ 


R[_ « 54 £2, See Figure 1 


±0.2 


V 


VfV Oommon-modp outnut voltanp 

* V^/V^y vwl 1 II 1 Iwl 1 1 1 IwUC VUipiil VVIlC^Jv 


3 
-1 


v 


AlVoc 1 Change in magnitude of common-mode output voltage§ 


±0.2 


V 


lO Output current with power off 


VCC = 0, VQ = -7Vto12V 


±100 


MA 


lOZ High-impedance-state output current 


Vo = -7Vto12V 


±100 


ma 


l|H High-level input current 


V| = 2.4 V 


-100 


ma 


1 1 1_ Low-level input current 


V| = 0.4 V 


-100 


ma 


'OS Short-circuit output current 


VQ = -7Vto12V 


±250 


mA 


ICC Supply current (all drivers) 


No load 


Outputs enabled 


7 


mA 


Outputs disabled 


1.5 



t All typical values are at Vrjc = 5 V and Ta = 25°C. 

t The minimum Vod specification does not fully comply with EIA Standard RS-485 at operating temperatures below 0°C. The lower output signal 

should be used to determine the maximum signal transmission distance. 
§ Al Vod 1 and AlVoc 1 are tne changes in magnitude of Vqd and v OC» respectively, that occur when the input is changed from a high level to a low 

level. 



switching characteristics, V cc = 5 V 



PARAMETER 


TEST CONDITIONS 


T A 


MIN TYP MAX 


UNIT 


*d(OD) Differential output delay time 


Rl_ = 54Q, See Figure 3 


25°C 


2 11 20 


ns 


-55°Cto125°C 


2 40 


*t(OD) Differential output transition time 


Rl, = 54Q, See Figure 3 


25°C 


4 15 25 


ns 


-55°Cto125°C 


4 40 


tpZH Output enable time to high level 


R|_ = 110Q, See Figure 4 


25°C 


30 


ns 


-55°Cto125°C 


40 


tpzL Output enable time to low level 


RL=110Q, See Figure 5 


25°C 


30 


ns 


-55 0 Cto125 0 C 


40 


tPHZ Output disable time from high level 


RL = 110Q, See Figure 4 


25°C 


50 


ns 


-55°Cto125°C 


90 


tPLZ Output disable time from low level 


Rl = 110£2, See Figure 5 


25°C 


30 


ns 


-55°Cto125°C 


45 
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PARAMETER MEASUREMENT INFORMATION 



V 0 D2 



voc 



Figure 1. Differential and Common-Mode Output Voltages 
v t est 



R1 = 375 CI 



0Vor3V 



Ri_ =60 Q < ., 
b-, £ V OD 



EN at5V 



Vtest 



R2 = 375 CI 

-7 V < V t est < 12 V 





Input 


Generator 
(see Note A) 


isOCI 



3V- 



Figure 2. Driver Vqd Test Circuit 

~° Y tn P ut ^/l-5V Y 1 - 5V 



RL = 54 Q 

Cl = 50 pF ^ 
(see Note B) 



Output 



3 V 

OV 



*d(0D) ->l r*- ->l N~ *d(OD> 

I J «2.5V 



Output 50% 



|/ 90% ft 
» /' '\ 50% 

f\ 10% IV 



-2.5 V 



tt(0D) -N k- -►I k— t t (OD) 
VOLTAGE WAVEFORMS 



TEST CIRCUIT 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 CI 

B. Cl includes probe and stray capacitance. 

Figure 3. Driver Differential-Output Test Circuit Delay and Transition-Time Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

Input 



3VorOV " 
Input 



Generator 
(see Note A) 



> 50 Q 



Cl = 50 pF 
(see Note B) 



Output 



;Rl = hoq 



I 
I 

tpzH -H ►! 

Output / 2.3 V 



tPHZ 



0.5 V 



3V 



0V 



IF 



VOH 

V off ~0V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. tpzH and tpnz Test Circuit and Waveforms 

5V* 



0Vor3V 



Input 



Generator 
(see Note A) 



>50Q. 



Cl = 50 pF 
(see Note B) 



RL = 110Q 
— Output 



Input 



_/ isv Vii 



tPZLH<— « 



3V 
0V 



j | « M t PLZ 

Output \2.3V /jE_0.5V 
V ^-^VQL 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 5. tpzL and tpt.z Test Circuit and Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, t r < 5 ns, tf < 5 ns, 
Zq = 50 a 

B. Cj_ includes probe and stray capacitance. 
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TYPICAL CHARACTERISTICS 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Vq- Output Voltage -V 

Figure 6 
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Iql - Low-Level Output Current - mA 

Figure 7 
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DIFFERENTIAL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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-60 -40 -20 0 20 40 60 80 100 
Ta - Free-Air Temperature - °C 

Figure 8 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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V C C = 5V 
Ta=25°C _ 
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'OH - High-Level Output Current - mA 

Figure 9 
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TYPICAL CHARACTERISTICS 



DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

















T A 


I 1 

C = 5 
= 25' 


I 

V 
C 







































































































PROPAGATION DELAY TIME, 
DIFFERENTIAL OUTPUT 
vs 

FREE-AIR TEMPERATURE 



14 



0 10 20 30 40 50 60 70 80 90 100 
Iq - Output Current - mA 
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T/^ - Free-Air Temperature - °C 



Figure 10 



Figure 11 
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N PACKAGE 
(TOP VIEW) 



1A[ 


1 




]v cc 


1Y[ 


2 


15 


]4A 


iz[ 


3 


14 


]4Y 


1,2EN[ 


4 


13 


]4Z 


2Z[ 


5 


12 


] 3,4EN 


2Y[ 


6 


11 


]3Z 


2A[ 




10 


]3Y 


GND [ 


8 


9 


]3A 



DW PACKAGE 
(TOP VIEW) 



• Meets or Exceeds the Standard EIA-485 

Designed for High-Speed Multipoint 
Transmission on Long Bus Lines in Noisy 
Environments 

Supports Data Rates up to and Exceeding 
Ten Million Transfers Per Second 

• Common-Mode Output Voltage Range of 
-7 V to 12 V 

• Positive- and Negative-Current Limiting 

• Low Power Consumption ... 1.5 mA Max 
(Output Disabled) 

• Functionally Interchangeable With SN75174 
description 

The SN65LBC174 and SN75LBC174 are 
monolithic, quadruple, differential line drivers with 
3-state outputs. Both devices are designed to 
meet the requirements of the Electronics Industry 
Association Standard EIA-485. These devices 
are optimized for balanced multipoint bus 
transmission at data rates up to and exceeding 
10 million bits per second. Each driver features 
wide positive and negative common-mode output 
voltage ranges, current limiting, and thermal- 
shutdown protection, making it suitable for 
party-line applications in noisy environments. 
Both devices are designed using LinBiCMOS™, 
facilitating ultra-low power consumption and 
inherent robustness. 

Both the SN65LBC1 74 and SN75LBC1 74 provide 
positive- and negative-current limiting and thermal 
shutdown for protection from line fault conditions 
on the transmission bus line. These devices offer 
optimum performance when used with the 
SN75LBC173 or SN75LBC175 quadruple line 
receivers. The SN65LBC174 and SN75LBC174 
are available in the 16-terminal DIP package (N) 
and the 20-terminal wide-body small outline 
integrated circuit (SOIC) package (DW). 

The SN75LBC1 74 is characterized for operation over the commercial temperature range of 0°C to 70°C. The 
SN65LBC1 74 is characterized over the industrial temperature range of -40°C to 85°C. 




NC - No internal connection 

FUNCTION TABLE 
(each driver) 



INPUT 


ENABLE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



high level, 
irrelevant, 



L - low level, 

Z * high impedance (off) 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



production data Information is current as of publication date. Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments 9Sm 

standard warranty. Production processing does not necessarily Include ^Vf'# IVi/sr 

testing of all pararneters. * J\f 1EXAS 



^ _ _ 

Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-517 



SN65LBC174, SN75LBC174 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE DRIVERS 



SLLS1 62 -JULY 1993 



logic symbolt 

1,2EN — — I EN 



logic diagram (positive logic) 



1A 



2A 



3,4EN 

3A 
4A 



1 


> 

V 
V 


2 


3 


7 


6 














10 






9 


> 

v 

V 


s 11 


15 


14 




s 13 







1Y 
1Z 

2Y 
2Z 



3Y 
3Z 
4Y 
4Z 



1A 
1,2EN 
2A 

3A 



1Y 
1Z 



2Y 
2Z 



3,4EN 



4A 



12 



15 



10 



3Y 



14 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 
Terminal numbers shown are for the N package. 

schematic of inputs and outputs 



ALL INPUTS 



1 16+ 



-v C c 



A A 



50 pA 



n 



200 Q 



Input - 



U 



4 37 



Y OR Z OUTPUT 



vcc 



7 



Output 



Driver 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) -0.3 V to 7 V 

Output voltage range, Vq - 1 0 V to 1 5 V 

Input voltage range, V| -0.3 V to 7 V 

Continuous total power dissipation internally limited* 

Operating free-air temperature range, Ta: SN65LBC174 -40°C to 85°C 

SN75LBC174 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

$ The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, VrjC 


4.75 5 5.25 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|i_ 


0.8 


V 


Voltage at any bus terminal (separately or common-mode), Vo 


YorZ 


12 


V 


-7 


High-level output current, Ioh 


YorZ 


-60 


mA 


Low-level output current, Iol 


YorZ 


60 


mA 


Continuous total power dissipation 




See Dissipation Rating Table 


Operating free-air temperature, Ta 


SN65LBC174 


-40 85 


°C 


SN75LBC174 


0 70 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


585 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


l|=-18mA 


-1.5 


V 






Rl = 54Q, 


SN65LBC174 


1.1 


1.8 


5 




IVnnl 


r^iffarAntSol rti i+ni it wrtltanoX 

uiiicici Hicti uuipui VUlldycT 


See Figure 1 


SN75LBC174 


1.5 


1.8 


5 


V 


R|_ - 60 CI, 


SN65LBC174 


1.1 


1.7 


5 






See Figure 2 


SN75LBC174 


1.5 


1.7 


5 




AlVoDl 


Change In magnitude of common-mode output 
voltage§ 






±0.2 


V 


voc 


Common-mode output voltage 


R L «54Q, 


See Figure 1 


3 
-1 


V 


AlVoc" 


Change in magnitude of common-mode output 
voltage§ 






±0.2 


V 


to 


Output current with power off 


vcc = o, 


Vo = ~7Vto12V 


±100 


ma 


toz 


High-impedance-state output current 


Vo = -7Vto12V 


±100 


ma 


!lH 


High-level input current 


V| = 2.4 V 


-100 


ma 


hL 


Low-level input current 


V| = 0.4 V 


-100 


ma 


tos 


Short-circuit output current 


V 0 «-7Vto12V 


±250 


mA 


toe 


Supply current (all drivers) 


No load 


Outputs enabled 


■•;■-■-?. 


mA 


Outputs disabled 


1.5 



t All typical values are at Vcc " 5 v a nd T A " 25 °C 

* The minimum Vod specification does not fully comply with El A-485 at operating temperatures below 0°C. The lower output signal should be used 

to determine the maximum signal transmission distance. 
§ AlVoD 1 and AlVoc 1 ar © tne changes in magnitude of Vod and v OC» respectively, that occur when the input is changed from a high level to a low 

level. 



switching characteristics, Vqq = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


td(OD) Differential output delay time 


R|_ = 54Q, See Figure 3 


2 11 20 


ns 


tt(OD) Differential output transition time 


10 15 25 


ns 


tpZH Output enable time to high level 


RL =110 0, See Figure 3 


30 


ns 


*PZL Output enable time to low level 


R|_= 110 U See Figure 5 


30 


ns 


tpHZ Output disable time from high level 


RL= 110Q, See Figure 4 


50 


ns 


tp|_z Output disable time from low level 


RL=110Q, See Figure 5 


30 


ns 
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PARAMETER MEASUREMENT INFORMATION 




VQD2 



Rl 

2 



voc 



Figure 1. Differential and Common-Mode Output Voltages 

Vtest 
< R1 = 375 Q 



0Vor3V 



60 q : 



T 

VOD 



EN at5V 



R2 = 375 Q 

-7V<V tes t<12V 



Vtest 

Figure 2. Driver Vqd Test Circuit 





Input 


Generator 
(see Note A) 





3V- 



rr 



Rl = 54 a 

_. Output 
C[_ = 50 pF ^ 

(see Note B) ^ 



Input JL1.5Y 



3V 

-1.5 V 

0V 



td(OD) -H^j ^(OD) 

*2.5V 



Output 50% 



tt(OD) 



■bh 90% if" 

*xi i\ 60% 
W n- -n k-t 



2.5 V 
*t(OD) 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle - 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 Q. 

B. Cl includes probe and stray capacitance. 

Figure 3. Time Waveforms for Driver Differential Output Test Circuit Delay and Transition 
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PARAMETER MEASUREMENT INFORMATION 

S1 



3VorOV - 
Input 



Generator 
(see Note A) 



>50Q 



C|_ = 50 pF 
(see Note B) 



Output 



; Rl = ho q 



Input / \ 



Output 



yr^.3V 



TEST CIRCUIT 



tPHZ" 



0.5 V 

it 



3V 



0V 



VOH 

V O ff~0V 



VOLTAGE WAVEFORMS 

Figure 4. t PZH and t PH z Test Circuit and Waveforms 

5V 



0Vor3V 
Input 



Generator 
(see Note A) 



: so a 



S1 



y-o 



Cl = 50 pF ; 
(see Note B) 



RL = 110Q 
— Output 



Input 



3V 

5 V 

|\__ _ ov 



tpZL-f— *j 



Output 



\ * t PLZ 

V 3V iL£l 0 " 6V 
N vol 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 5. tpzL and tp[_z Test Circuit and Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 5 ns, tf < 5 ns, 
Zo = 50 Q. 

B. Cl includes probe and stray capacitance. 
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TYPICAL CHARACTERISTICS 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Figure 7 
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DIFFERENTIAL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 8 
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Figure 9 
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TYPICAL CHARACTERISTICS 



DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
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Figure 10 



PROPAGATION DELAY TIME, 
DIFFERENTIAL OUTPUT 
vs 

FREE-AIR TEMPERATURE 
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Figure 11 
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• Meets or Exceeds the Requirements of 
ANSI Standard EIA/TIA-422-B, RS-423-B, 
and RS-485 

» Meets ITU Recommendations V.10, V.11, 
X.26, and X.27 

• Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 

• 3-State Outputs 

• Common-Mode Input Voltage Range 
-12 V to 12 V 

• Input Sensitivity . . . ±200 mV 

• Input Hysteresis . . . 50 mV Typ 

• High Input Impedance . . . 12 kQ Min 

• Operates From Single 5-V Supply 

• Low-Power Requirements 

• Plug-In Replacement for MC3486 

description 



D OR N PACKAGE 
(TOP VIEW) 



1B[ 




u 16 


]v cc 


1A[ 


2 


15 


]4B 


1Y[ 


3 


14 


]4A 


1,2EN[ 


4 


13 


]4Y 


2Y[ 


5 


12 


] 3.4EN 


2A[ 


6 


11 


]3Y 


2B[ 


7 


10 


]3A 


gnd[ 


8 


9 


]3B 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A - B 


ENABLE 


OUTPUT 
Y 


V|D^0.2V 


H 


H 


-0.2 V<V|D< 0.2 V 


H 


? 


V|D>-0.2V 


H 


L 


X 


L 


Z 


Open circuit 


H 


? 



low level, ? = indeterminate, 
high impedance (off) 



The SN65175 and SN75175 are monolithic H = high level, L* 

quadruple differential line receivers with 3-state x - irrelevant, z = 

outputs. They are designed to meet the 
requirements of ANSI Standards EIA/TIA-422-B, RS-423-B, RS-485, and several ITU recommendations. These 
standards are for balanced multipoint bus transmission at rates up to 1 0 megabits per secdnd. Each of the two 
pairs of receivers has a common active-high enable. 

The receivers feature high input impedance, input hysteresis for increased noise immunity, and input sensitivity 
of ±200 mV over a common-mode input voltage range of ± 1 2 V. The SN651 75 and SN751 75 are designed for 
optimum performance when used with the SN751 72 or SN751 74 quadruple differential line drivers. 

The SN651 75 is characterized for operation from -40°C to 85°C. The SN751 75 is characterized for operation 
from 0°C to 70°C. 
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SN65175, SN75175 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS145B- OCTOBER 1990 -REVISED MAY 1995 _____ 



logic symbolt 

4 i— 

1,2EN |EI 



EN 



logic diagram (positive logic) 

1.2EN 



1A 
1B 
2A 
2B 

3,4EN 

3A 
3B 
4A 
4B 



2 


J v 


3 


1 IS 


5 


6 




7 IS 










1 

11 


it J 




10 


-i JT> 

V 


9 IS 


13 


14 




15 IS 







1Y 



2Y 



3Y 



4Y 



2A 
2B 



3,4EN 



«1Y 



2Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



schematics of inputs and outputs 



3A 
3B 



4A 
4B 



3Y 



4Y 



EQUIVALENT OF EACH A OR B INPUT 



vcc 



Input - 



16.8 kQ 
NOM 

-AAA/ 



960 ft ^ 
NOM * 



ft! 



EQUIVALENT OF EACH ENABLE INPUT 

vcc 

8.3 kQ 
'NOM 



Input 



m m 



m 



TYPICAL OF ALL OUTPUTS 

VCC 



85 Q< 
NOM < 



>- 



Output 



m 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage V|, (A or B inputs) ±25 V 

Differential input voltage, Vjd (see Note 2) ±25 V 

Enable input voltage, V|, EN 7 V 

Low-level output current, Iql 50 mA 

Continuous total dissipation •. See Dissipation Rating Table 

Operating free-air temperature range, Ta- SN65175 -40°C to 85°C 

SN75175 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING 
FACTOR 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Common-mode input voltage, Vic 


±12 


V 


Differential input voltage, V id 


±12 


V 


High-level enable-input voltage, Vih 


2 


V 


Low-level enable-input voltage, V||_ 


0.8 


V 


High-level output current, Iqh 


-400 


MA 


Low-level output current, Iql 


"•6 


mA 


Operating free-air temperature, Ta 


SN65175 


-40 85 


°C 


SN75175 


0 70 
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electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage and operating free-air temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|T+ Positive-going input threshold voltage 


Vq=2.7V, lo = -0.4 mA 


0.2 


V 


Vj y_ Negative-going input threshold voltage 


Vq= 0.5 V, Iq= 16 mA 


-0.2* 


V 


V n y S Hysteresis voltage (V| j + - V|j_) 


See Figure 4 


50 


mV 


V|k Enable-input clamp voltage 


l| =-18mA 


-1.5 


V 


Voh High-level output voltage 


Vid = 200 mV, Iqh = -400 \iA, See Figure 1 


2.7 


V 


Vol Low-level output voltage 


Vid = -200 mV, See Figure 1 


Iql = 8 mA 


0.45 


V 


Iql= 16 mA 


0.5 


! OZ High-impedance-state output current 


Vq= 0.4Vto2.4V 


±20 


MA 


1 1 Line input current 


Other input at 0 V, See Note 3 


V| = 12V 


1 


mA 


V|=-7V 


-0.8 


l|H High-level enable-input current 


V| H = 2.7V 


20 


MA 


l|L Low-level enable-input current 


V|L = 0.4V 


-100 


HA 


q Input resistance 




12 


kQ 


•OS Short-circuit output current§ 




-15 -85 


mA 


Ice Supply current 


Outputs disabled 


70 


mA 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet forthreshold voltage 
levels only. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
NOTE 3: Refer to ANSI Standards EIA/TIA-422-B, RS-423-B, and RS-485 for exact conditions. 



switching characteristics, Vqc = 5 V, Cl = 15 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*PLH Propagation delay time, low- to high-level output 


See Figure 2 


22 35 


ns 


tpHL Propagation delay time, high- to low-level output 


25 35 


ns 


tPZH Output enable time to high level 


See Figure 3 


13 30 


ns 


tpzL Output enable time to low level 


19 30 


ns 


tpHZ Output disable time from high level 


See Figure 3 


26 35 


ns 


tp|_z Output disable time from low level 


25 35 


ns 
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PARAMETER MEASUREMENT INFORMATION 




Figure I.Vqh, Vql 




2V 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 2. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo-50.0. 

B. C|_ includes probe and stray capacitance. 
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1.5 V 
-1.5 V 



PARAMETER MEASUREMENT INFORMATION 

SW1 



Generator 
(see Note i 



2f 



aJ_|51 



Output 

4 



(see Note B) 



2kQ 

-A/Vv— 



SV\TC 



5kQ 



See Note C 



TEST CIRCUIT 



5V 



Input 



1.5 V 



tpZH -*-H 



3V 
0V 



Output 



Input 



Output 



tpZH 



!/— V OH 
/ 1.5 V 
/ 0V 



SW1to1.5V 
SW2 Open 
SW3 Closed 



I 

K-N— tpHz 



\ / — v 0 | 
— 1.4 



3V 

0 V SWU0 1.5V 
SW2 Closed 
SW3 Closed 

VOH 



l PHZ 



3V 
Input 



Output 



3 V 
Input 



1.5 V 



tPZL 



4.5 V 



0V SW1to-1.5V 
SW2 Closed 
SW3 0pen 



1.5 V 



tPZL 

_z 



vol 



3V 



tpLZ H^-H 



Output 



0V SW1to-1.5V 
SW2 Closed 
SW3 Closed 



1>4Y 



VOL 



tpLZ 



VOLTAGE WAVEFORMS 

Figure 3. Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, tf < 6 ns, V - 6 ns » 
Zq = 50 a 

B. C|_ includes probe and stray capacitance. 

C. All diodes are 1N91 6 or equivalent. 



2-530 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN65175 SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 



SLLS145B- OCTOBER 1990- REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 





5 




4.5 




4 


> 




1 


3.5 


o 




O) 




JS 


3 






3 


2.5 


O. 




3 

o 

1 


2 


>° 


1.5 




1 




0.5 




0 



1 

Vr 


i r 


iV 




1 

"0 


1 

= 0 




1 

T A 


1 1 

= 25° 


1 

C 




























V|( 






\ 


'ic = 




vie 










-12 V 

—I 


0 

4- 




1Z V 








V|T- i 




V|T- 




V|T- 








f 






r 


v IT+ 


i i 


r 
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V|p - Differential input Voltage - mV 

Figure 4 
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<D 
O) 

B 



x 

i 

z 

>° 
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4.5 
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3.5 
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2.5 
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1.5 

1 

0.5 
0 



1 1 

V| D = 0.2V 
















■A 
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CC = 5-25V 

/ I I 
















V 


cc = 


5V 




























— \ 


cc = 
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'OH ~ High-Level Output Current - mA 

Figure 5 




Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-531 



SN65175, SN75175 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS145B- OCTOBER 1990- REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



a- 
o 



0.5 



0.4 



0.3 



0.2 



^ 0.1 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



I I 
Vcc = 5 V 
V|D = -0.2 V 
Iql = 8 mA 
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Ta - Free-Air Temperature - °C 

Figure 8 



o 

i 

>° 



1 3 
$ 

3 ' 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



V|D = 
Load : 
T A = 2 


i 1 

0.2 V 
= 8 kflto 
5°C 


GND 




V CC = 5 


.25 V - 


















r— 






Vr*r: = 4.75 V . 




v C c = 


5V — 

































0.5 1 1.5 2 
Enable G Voltage -V 

Figure 9 



2.5 



> 

I 

<D 



3 

o 



OUTPUT VOLTAGE 
vs 

ENABLE G VOLTAGE 



I I 

Vcc = 5.25 V 


I I 

V| D = -0.2 V 

Load = 1 IcQ to Vcc 

T A = 25°C 














V CC = 


4.75 V 
















^ v c . 


; = 5V 


































h 













o 

>l 
a. 

3 

(0 

I 



0.5 1 1.5 2 
Enable G Voltage -V 



2.5 



100 
90 
80 
70 
60 
50 
40 
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0 



SUPPLY CURRENT (ALL RECEIVERS) 
vs 

SUPPLY VOLTAGE 



I 

_ No Load 
Inputs 0| 

_ Ta - 9*>H 














>en 
















- Ou 


tputs I 


)isabl 












































/oi 


tputs 


Enable 
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Figure 10 



Figure 11 
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TYPICAL CHARACTERISTICS 



INPUT CURRENT 
vs 

INPUT VOLTAGE 




J ill I I- V i M 

-8 -6 -4 -2 0 2 4 6 8 10 12 
V|- Input Voltage -V 

Figure 12 



APPLICATION INFORMATION 



1/4SN75172 1/4SN75174 




1/4SN75172 1/4SN75173 1/4SN75173 1/4SN75174 



Figure 13. Typical Application Circuit 

NOTE: The line should be terminated at both ends in its characteristic impedance (Rj = Zo)- Stub lengths off the main line should be kept as short 
as possible. 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-422-B, EIA/TIA-423-B, and 
RS-485 

Meets ITU Recommendations V.10, V.11, 
X.26, and X.27 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 
Low Supply Current Requirement 
27 mA Max 

Common-Mode Input Voltage Range of 
-12 V to 12 V 

Input Sensitivity . . . ±200 mV 
Input Hysteresis . . . 50 mV Typ 
High Input Impedance . . . 12 kQ Min 
Operates From Single 5-V Supply 



N OR NSt PACKAGE 
(TOP VIEW) 




t The NS package is only available left-ended taped and reeled 
(order device SN75ALS1 75NSLE). 

FUNCTION TABLE (EACH RECEIVER) 



description 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
EN 


OUTPUT 

Y 


V| D >0.2V 


H 


H 


-0.2 V<V|D< 0.2 V 


H 


? 


V| D <-0.2V 


H 


L 


X 


L 


Z 


Open Gircuit 


H 


H 



H = high level, L - low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



The SN75ALS175 is a monolithic quadruple 
differential line receiver with 3-state outputs. It is 
designed to meet the requirements of ANSI 
Standards EIA/TIA-422-B, EIA/TIA-423-B, and 
RS-485 and several ITU recommendations. 
Advanced low-power Schottky technology 

provides high speed without the usual power penalty. Each of the two pairs of receivers has a common 
active-high enable. The device features high input impedance, input hysteresis for increased noise immunity, 
and input sensitivity of ±200 mV over a common-mode input voltage range of - 1 2 V to 1 2 V. 

The SN75ALS175 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information Is current as of publication date. m . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments wSm 

standard warranty. Production processing does not necessarily Include vf*# TrvAC 

testing of all parameters. _ 5^ I r.\ /\ j 
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logic symbol* 



1,2EN 

1A 
1B 
2A 
2B 

3,4EN 

3A 
3B 
4A 
4B 



^ 3 



2 


j 


3 


1 IS 


5 


6 




7 N 










11 


ir J 




10 


-1 JT> 

J 


9 N 


13 


14 




15 rs 







1Y 



2Y 



3Y 



4Y 



$ This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 



logic diagram (positive logic 



1.2EN 

1A 
1B 



2A 
2B 

3,4EN 

3A 
3B 

4A 
4B 



12 



1Y 



2Y 









11 







3Y 



13 



4Y 



schematics of inputs and outputs 



EQUIVALANT OF EACH A OR B INPUT 



v C c 



Input 




Vcc(A) 

or 
GND (B) 



QND- 



EQUIVALANT OF EACH ENABLE INPUT 

vcc 



EN 
Input 



GND * * 



TYPICAL OF ALL OUTPUTS 

— v cc 

70 Q 




Output 



GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage, V| (A or B inputs) ±14V 

Differential input voltage, V|d (see Note 2) ±14 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql • • 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


N 


1150 mW 


9.2 mW/°C 


736 mW 


NS 


625 mW 


5.0mW/°C 


400 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±12 


V 


Differential input voltage, V id 


±12 


V 


High-level enable-input voltage, V|h 


2 


V 


Low-level enable-input voltage, V|l 


0.8 


V 


High-level output current, Iqh 


-400 


HA 


Low-level output current, Iol 


8 


mA 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage and operating free-air temperature (unless otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|t+ Positive-going input threshold voltage 




200 


mV 


Negative-going input threshold 
V IT- voltage 




-200* 


mV 


v hys Hysteresis voltage (V| j + - V|x_) 




50 


mV 


V|k Enable-input clamp voltage 


l| = -18mA 


-1.5 


V 


Voh High-level output voltage 


V|d = 200 mV, Iqh = -400 \iA, See Figure 1 


2.7 


V 


Vql Low-level output voltage 


VjD = -200 mV, Iql = 8 mA > § ee Figure 1 


0.45 


V 


Iqz High-impedance-state output current 


Vq= 0.4 V to 2.4 V 


±20 


MA 


1 1 Line input current 


Other input at 0 V, See Note 3 


V| = 12V 


1 


mA 


V| = -7V 


-0.8 


l|H High-level enable-input current 


V| H (E) = 2.7V 


20 


liA 


1 1 l Low-level enable-input current 


V| U E) = 0.4V 


-100 


MA 


rj Input resistance 




12 


kQ 


lOS Short-circuit output current 


v 0 = o 


-15 -85 


mA 


ICC Suply current (total package) 


No load, Outputs enabled 


16 24 


mA 


No load, Outputs disabled 


18 27 



t All typical values are at Vcc = 5 v » T A = 25°C. 

t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltage 
levels only. 

NOTE 3: Refer to ANSI Standards RS-485 for exact conditions. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


tPHL 


Propagation delay time, high- to low-level output 


V|D = 


= -2.5 V to 2.5 V, 


9 


18 


27 


ns 


tPLH 


Propagation delay time, low- to high-level output 


C L = 


15 pF, 


See Figure 2 


9 


1 18 


27 


ns 


tPZH 


Output enable time to high level 


C L = 


15 pF, 


See Figure 3 


4 


12 


18 


ns 


tpZL 


Output enable time to low level 


6 


13 


21 


ns 


*PHZ 


Output disable time from high level 


C L = 


15 pF, 


See Figure 3 


10 


21 


27 


ns 


tPLZ 


Output disable time from low level 


8 


15 


25 


ns 



t All typical values are at Vqc = 5 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 

X - " 




Vqh 



Figure 1. Vqh, Vql 




Input 
tPLH 



J: 



1.5 V 



\l.5V 

n — 



3V 
OV 



H4-rt tpHL H«-H 

ly ^- — Voh 

Output 1.3 v/ 1.3 V >r 



vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR ■ 1 MHz, duty cycle = 50%, t r = tf = 6 ns. 
B. Ci_ includes probe and jig capacitance. 

Figure 2. Propagation Delay Times 
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PARAMETER MEASUREMENT INFORMATION 

sw 1 




Output 



C L = 15pF^ i 5kQ 
(see Note B) 



Generator 




(see Note A) 


> 51 Q 



2kO 

— AAAr- 



SW2^. 



5V 



' See Note C 



Input 




Output 



^ ' n ' 



TEST CIRCUIT 

3V 
— — 1.5V 

OV SW1to1.5V 
SW2 Open 
SW3 Closed 

V 0 H 
5V 
OV 



tpZH 



Input 



~Y 5V L 



3V 



Output 



tpHZ 
tpHZ 



OV SW1to1.5V 
SW2 Closed 
SW3 Closed 

V 0 H 



tpZL 



1.5 V 

\~~~\ 0V SW1to-1.5V 
J SW2 Closed 

SW3 Open 



s s! — 45 v 

Output / \ 1.5 V 

— / v— V* 



tpZL 



3V 
Input 



vol 

3V 
OV 



tpZL -T*-* 



Output 



1.4 V 



SW1 to -1.5 V 
SW2 Closed 
SW3 Closed 



0.5 V 
tPLZ 



vol 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle - 50%, t r = if = 6 ns. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N9 16 or equivalent. 

Figure 3. Enable and Disable Times 
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■ SN55LBC175 
I QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVER 

g SGLS083- MARCH 1995 

I • Meet EIA Standards RS-422-A, RS-423-A, 
I RS-485,andCCITT V.11 

I • Designed to Operate With Pulse Durations 
I as Short as 20 ns 
I • Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• Input Sensitivity . . . ±200 mV 

• Low-Power Consumption . . . 20 mA Max 

• Open-Circuit Fail-Safe Design 

• Common-Mode Input Voltage Range of 
-7 V to 12 V 

description 

The SN55LBC175 is a monolithic quadruple 
differential line receiver with 3-state outputs and is 
designed to meet the requirements of the EIA 
Standards RS-422-A, RS-423-A, RS-485, and 
CCITT V.11. This device is optimized for balanced 
multipoint bus transmission at data rates up to and 
exceeding 10 million bits per second. The 
receivers are enabled in pairs with an active-high 
enable input. Each differential receiver input 
features high impedance, hysteresis for increased 
noise immunity, and sensitivity of ±200 mV over a 
common-mode input voltage range of 12 V to 
-7 V. Fail-safe design ensures that if the inputs are 
open circuited, the outputs are always high. This 
device is designed using the Texas Instruments 
proprietary LinBiCMOS™ technology allowing low 
power consumption, high switching speeds, and 
robustness. 

This device offers optimum performance when used with the SN55LBC174 quadruple line driver. The 
SN55LBC1 75 is available in the 1 6-pin CDIP (J) package, a 1 6-pin CPAK (W) package, or a 20-pin LCCC (FK) 
package. 

The SN55LBC1 75 is characterized over the military temperature range of -55°C to 1 25°C. 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 


OUTPUT 
Y 


V|Q>0.2V 


H 


H 


-0.2 V<V|D< 0.2 V 


H 


? 


V|D<-0.2V 


H 


L 


X 


L 


Z 


Open circuit 


H 


H 



H = high level, L = low level, X = irrelevant, 
Z = high impedance (off), ? = indeterminate 



J OR W PACKAGE 
(TOP VIEW) 




16 ] V CC 
15 ]4B 
14 ]4A 
13 ]4Y 
12 ]3,4EN 
11 ]3Y 
10]3A 
9 ]3B 



FK PACKAGE 
(TOP VIEW) 




NC - No internal connection 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 
standard warranty. Production processing does not necessarily Include ^XlE5C^\jS 



Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-54 1 



SN55LBC175 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVER 



SGLS083- MARCH 1995 



logic symbolt 

1,2EN — 1 EN 



1A 
1B 
2A 
2B 

3,4EN 

3A 
3B 
4A 
4B 



2 




3 


1 IS 




5 


6 




7 n 







logic diagram (positive logic) 

1.2EN 



1Y 



2Y 



1A 
1B 

2A 
2B 



12 



1Y 



2Y 



EN 



10 




11 


9 IN 


l " ' 


13 


14 




15 IN 







3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the J or W package. 

schematics of inputs and outputs 



3.4EN 

3A 
3B 

4A 
4B 



3Y 



4Y 



EQUIVALENT OF A AND B INPUTS 

vcc- 

100 kQ 
A Only 



Input 



100 kQ 
BOnly 




TYPICAL OF ALL OUTPUTS 
V C C 



- — Y Output 



a 



TYPICAL OF EN INPUT 



Input 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) , -0.3 V to 7 V 

Input voltage, A or B Inputs, V| ±25 V 

Differential input voltage, V|q (see Note 2) ±25 V 

Data and control voltage range -0.3 V to 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta -55°C to 1 25°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to GND. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 125°C 
POWER RATING 


FK 


1375 mW 


11.0mW/°C 


275 mW 


J 


1375 mW 


11.0 mW/°C 


275 mW 


W 


1000mW 


8.0 mW/°C 


200 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


-7 12 


V 


Differential input voltage, V|d 


±6 


V 


High-level input voltage, Vm 


EN inputs 


2 


V 


Low-level input voltage, Vjl 


0.8 


V 


High-level output current, Iqh 


-8 


mA 


Low-level output current, Iol 


16 


mA 


Operating free-air temperature, Ta 


-55 125 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V| j + Positive-going input threshold voltage 


Iq = -8 mA 


0.2 


V 


V| j- Negative-going input threshold voltage 


lQ=16mA 


-0.2 


V 


V nvs Hysteresis voltage ( V| j + - V| j_) 




45 


mV 


V|K Enable input clamp voltage 


l|=-18mA 


-0.9 -1.5 


V 


Voh High-level output voltage 


V|d = 200 mV, Iqh = -8 mA 


3.5 4.5 


V 


Vol Low-level output voltage 


V|D = -200mV, loL=16mA 


0.3 0.5 


V 


V|D = ~200mV, loL=16mA,TA = 125°C 


0.7 


'OZ High-impedance-state output current 


V O = 0VtoV C C 


±20 


MA 


1 1 Bus input current 


AorFJ 
inputs 


V|h = 12V, Vcc = 5 V, Other inputs at 0 V 


0.7 1 


mA 


V|h = 12V, Vcc = 0V, Other inputs at 0 V 


0.8 1 


V|H =-7 V, V<x = 5V, Other inputs at 0 V 


-0.5 -0.8 


V|H=-7V, Vcc = 0V, Other inputs at 0 V 


-0.4 -0.8 


1 1 h High-level enable input current 


V, H = 5V 


±20 


MA 


l||_ Low-level enable input current 


V|L = 0V 


-20 


ma 


lOS Short-circuit output current 


v 0 = o 


-80 -120 


mA 


Iqc Supply current 


Outputs enabled, Iq = 0, V|q = 5 V 


11 20 


mA 


Outputs disabled 


0.9 1.4 


t All typical values are at Vrjc * 5 V and Ta = 25°C. 

switching characteristics, Vqc = 5 V, C_ = 15 pF 


PARAMETER 


TEST CONDITIONS 


t a 


MIN TYP MAX 


UNIT 


*PHL Propagation delay time, high- to low-level output 


V|D = -1.5Vto1.5V, 
See Figure 1 


25°C 


11 22 30 


ns 


-55°Cto125°C 


35 


tPLH Propagation delay time, low- to high-level output 


V|D = -1.5Vto1.5V, 
See Figure 1 


25°C 


11 22 30 


ns 


-55°Cto125°C 


35 


tPZH Output enable time to high level 


See Figure 2 


25°C 


17 40 


ns 


-55°Cto125°C 


45 


tpz_ Output enable time to low level 


See Figure 3 


25°C 


18 30 


ns 


-55°C to125°C 


35 


tPHZ Output disable time from high level 


See Figure 2 


25°C 


30 40 


ns 


~55°Cto125°C 


55 


tp|__ Output disable time from low level 


See Figure 3 


25°C 


23 30 


ns 


-55°Cto125°C 


45 


tsk(p) Pulse skew (ItpHL-tpLH") 


See Figure 1 


25°C 


4 6 


ns 


-55°Cto125°C 


7 


tt Transition time 


See Figure 1 


25°C 


3 10 


ns 


-55°C to125°C 


1 6 
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Generator 


r 


(see Note A) 


>50Q I 


T rM 



PARAMETER MEASUREMENT INFORMATION 




|-# — Output 

l-L C L = 15pF 
(see Note B) 



2V — 
TEST CIRCUIT 




VOLTAGE WAVEFORMS 

Figure 1. t PL ,H and tpHL Test Circuit and Voltage Waveforms 



Output 



1.5 V 

X 



>V M S S^ 1 I 81 

>+t * f Wt °^ 

f— H< IJLcl-15pF 1 





See Note C 



Output 
S1 Open 



r _ v OH 
T S1 Closed 
'1.4 V 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 2. tpHz and tpzH Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50£l 

B. C|_ includes probe and jig capacitance. 

C. Ail diodes are 1 N9 16 or equivalent. 
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PARAMETER MEASUREMENT INFORMATION 

v cc 




TEST CIRCUIT 

Figure 3. tpzL and tpLz Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle < 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 a 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N9 16 or equivalent. 



TYPICAL CHARACTERISTICS 



t 

O 

I 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



V C C=5V 
Ta = 25°C 



ii 
O 



4+ > - 

CM 
II 

o" 
> 



10 20 30 40 50 60 70 80 90 100 
Vid - Differential Input Voltage - mV 

Figure 4 



5 

3 

a- 

3 

O 

! 



I 

l 

z 



5.5 

5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 





























V 


cc = 


5.25 


V 
























vc< 


: = s 


v - 






















v< 


X = 


4.75 \ 


















































































Virt 


= 0.2 


V 
















Ta = 25°C 

















0 -4 -8 -12 -16-20 -24 -28-32-36-40 
'OH -'High-Level Output Current - mA 

Figure 5 
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TYPICAL CHARACTERISTICS 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Ta = 25°C 
Vcc = 5 V 
V| D = 200 mV 
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Iql - Low-Level Output Current - mA 

Figure 6 

BUS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 
(COMPLEMENTARY INPUT AT 0 V) 
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Figure 8 
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AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 



14 



12 



10 



>» 8 



O 

* 2 



T A = 25°C 
V C C = 5V 



10 K 100 K 2M 10 M 

f - Frequency - Hz 

Figure 7 



PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 
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O 

1. 

OS 
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2 

0L 
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vcc = 

C L = 1 
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5V 
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Figure 9 
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Meet or Exceed the EIA Standards 
RS-422-A, RS-423-A, RS-485, and CCITT 
Recommendation V.11 
Designed to Operate With Pulse Durations 
as Short as 20 ns 

Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 
Input Sensitivity . . . ±200 mV 
Low-Power Consumption . . . 20 mA Max 
Open-Circuit Fail-Safe Design 
Common-Mode Input Voltage Range of 
-7 V to 12 V 

Pin Compatible With SN75175 and MC3486 



description 



The SN65LBC175 and SN75LBC175 are 
monolithic, quadruple, differential line receivers 
with 3-state outputs and are designed to meet the 
requirements of the EIA standards RS-422-A, 
RS-423-A, RS-485, and CCITT Recommendation 
V.11. The devices are optimized for balanced 
multipoint bus transmission at data rates up to and 
exceeding 10 million bits per second. The 
receivers are enabled in pairs with an active-high 
enable input. Each differential receiver input 
features high impedance, hysteresis for increased 
noise immunity, and sensitivity of ±200 mV over a 
common-mode input voltage range of 12 V to 
-7 V. The fail-safe design ensures that when the 
inputs are open circuited, the outputs are always 
high. Both devices are designed using the Tl 
proprietary LinBiCMOS™ technology allowing low 
power consumption, high switching speeds, and 
robustness. 

This device offers optimum performance when 
used with the SN75LBC172 or SN75LBC174 
quadruple line drivers. The SN65LBC175 and 
SN75LBC175 are available in the 16-pin DIP (N) 
and small-outline inline circuit (SOIC) D 
packages. 

The SN65LBC175 is characterized over the 
industrial temperature range of -40°C to 85°C. 
The SN75LBC175 is characterized for operation 
over the commercial temperature range of 0°C 
to 70°C. 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



D OR N PACKAGE 
CTOP VIEW) 




logic symbolt 

4 



1.2EN 

1A 
1B 
2A 
2B 

3.4EN 

3A 
3B 
4A 
4B 



EN 



2 




3 


1 IS 




5 


6 




7 IS 







1Y 



2Y 



12 



10 




11 


9 IS 




13 


14 











3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



1.2EN 



logic diagram (positive logic) 



2A 
2B 



1Y 



2Y 



3,4EN 

3A 
3B 

4A 
4B 



H>-i 



3Y 



4Y 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 


OUTPUT 
Y 


V| D > 0.2 V 


H 


H 


-0.2 V<V|D< 0.2 V 


H 


? 


V| D <-0.2V 


H 


L 


X 


L 


Z 


Open Circuit 


H 


H 



H = high level, L = low level, X = irrelevant, 
Z = high impedance (off), ? = indeterminate 



schematics of inputs and outputs 



EQUIVALENT OF A AND B INPUTS 

vcc— f 

100 kQS 
(A Only) > 



Input -f^-AAA/ — f 



18k® 



100 k£2< 
(B Only)< 



; 12 kQ 



I 



TYPICAL OF ALL OUTPUTS 

- vcc 



1. 



Y Output 



TYPICAL OF EN INPUT 



Input ■ 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) -0.3 V to 7 V 

Input voltage, V| (A or B Inputs) ±25 V 

Differential input voltage, Vjd (see Note 2) ±25 V 

Data and control voltage range -0.3 V to 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65LBC175 . . -40°Cto85°C 

SN75LBC175 0°Cto70°C 

Storage temperature range, T st Q -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to GND. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


D 


1100 mW 


8.7 mW/°C 


709 mW 


578 mW 


N 


1510 mW 


12.1 mW/°C 


966 mW 


784 mW 



T 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, Vic 


-7 12 


V 


Differential input voltage, V id 


±6 


V 


High-level input voltage, V|h 


EN inputs 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, Iqh 


"8 


mA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, Ta 


SN65LBC175 


-40 85 


°C 


SN75LBC175 


0 70 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-551 



SN65LBC175, SN75LBC175 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 

SLLS171 -OCTOBER 1993 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V| t + Positive-going input threshold voltage 


IO = -8mA 


0.2 


V 


V|j_ Negative-going input threshold voltage 


lQ=16mA 


-0.2 


V 


w Hysteresis voltage 
v hys (V|T+ _ V|T _ ) 






m\/ 
III V 


V|k Enable input clamp voltage 


l|=-18mA 


-0.9 -1.5 


V 


v OH High-level output voltage 


V|p = 200 mV, Ioh - -8 mA 


3.5 4.5 


V 


Vql Low-level output voltage 


V| D = -200mV, lQL = 16mA 


0.3 0.5 


V 


'OZ High-impedance-state output current 


Vo-0'VtoVcc 


±20 


ma 


l| Bus input current 


AorB 
inputs 


V|h = 12V, Vcc = 5V, Other inputs at 0 V 


0.7 1 


mA 
mA 


V|h = 1 2 V, Vqc - 0 V, Other inputs at 0 V 


0.8 1 


V| H = -7V, Vcc = 5V, Other inputs at 0 V 


-0.5 -0.8 


mA 


V| H = -7 V, Vcc = 0V, Other inputs at 0 V 


-0.4 -0.8 


mA 


1 1 h High-level enable input current 


V, H = 5V 


±20 


ma 


l|L Low-level enable input current 


V iL = 0V 


-20 


PA 


Iqs Short-circuit output current 


v 0 «o 


-80 -120 


mA 


ICC Supply current 


Outputs enabled, lo = 0, V|d = 5V 


11 20 


mA 


Outputs disabled 


0.9 1.4 


t All typical values are at Vrjc = 5 V and T/\ = 25°C. 

switching characteristics, V C c = 5 V, Cl = 15 pF, = 25°C 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


*PHL Propagation delay time, high -to low-level output 


V|D = -1.5Vto1.5V, 
See Figure 1 


11 22 30 


ns 


tpm Propagation delay time, low- to high-level output 


11 22 30 


ns 


tpZH Output enable time to high level 


See Figure 2 


17 30 


ns 


tpzL Output enable time to low level 


See Figure 3 


18 30 


ns 


tPHZ Output disable time from high level 


See Figure 2 


30 40 


ns 


*PLZ Output disable time from low level 


See Figure 3 


23 30 


ns 


*sk(p) Pulse skew (ItpHL-tpLHl) 


See Figure 2 


4 6 


ns 


tt Transition time 


See Figure 1 


3 10 


ns 
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PARAMETER MEASUREMENT INFORMATION 




Input 



j-f — Output 

I JL C|_ = 15 pF 
| ^£ (see Note B) 




tPLH -*| H- -*| H~ tpHL 

90%!/ Vl v OH 

0ut P ut ,nc ,/! 1 - 3V Pt 1 - 3V 

T vol 




TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 1. tpLH and tpHL Test Circuit and Voltage Waveforms 

v cc 

2kft 



• 1 Output ^ 

1.5V — Mn. 1 I si T 




1.3 V 



tpZH 



See Note C 



^kl.3V 
I s 



3V 



OV 



Output 
S1 Open 



OV 



— *PHZ 
0.5 V 

^ + S 1 Closed 
* 1.4 V 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 2. tpHz and tpzH Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50 Q. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1N9 16 or equivalent. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 2-553 



SN65LBC175,SN75LBC175 

QUADRUPLE LOW-POWER DIFFERENTIAL LINE RECEIVERS 

SLLS171 - OCTOBER 1993 



PARAMETER MEASUREMENT INFORMATION 



vcc 




TEST CIRCUIT 

Figure 3. Xpzi and tpLz Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r < 6 ns, tf < 6 ns, 
Zo = 50O. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N91 6 or equivalent. 



TYPICAL CHARACTERISTICS 
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Figure 4 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 5 
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TYPICAL CHARACTERISTICS 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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T A = 25°C 
V C C = 5V 
Vi D = 200 mV 
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Iql - Low-Level Output Current - mA 

Figure 6 

INPUT CURRENT 
vs 

INPUT VOLTAGE 
(COMPLEMENTARY INPUT AT 0 V) 



Ta = 25°C 
f-f V CC = 5V 





The shaded region of this graph represents 
more than 1 unit load per RS-485. 



-6-4-2 0 2 4 6 
V| - Input Voltage - V 

Figure 8 
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AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 
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T A = 25°C 
V C C = 5 V 
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f - Frequency - Hz 

Figure? 



PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 
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SN75176A 

DIFFERENTIAL BUS TRANSCEIVER 

SLLS100A- JUNE 1984- REVISED MAY 1995 



Bidirectional Transceiver 
Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and ITU 
Recommendation V.11 

Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 
3-State Driver and Receiver Outputs 
Individual Driver and Receiver Enables 
Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

Driver Output Capability . . . ±60 mA Max 
Thermal-Shutdown Protection 
Driver Positive- and Negative-Current 
Limiting 

Receiver Input Impedance ... 12 Min 
Receiver Input Sensitivity . . . ±200 mV 
Receiver Input Hysteresis . . . 50 mV Typ 
Operates From Single 5-V Supply 
Low Power Requirements 



description 



The SN75176A differential bus transceiver is a 
monolithic integrated circuit designed for 
bidirectional data communication on multipoint 
bus-transmission lines. It is designed for balanced 
transmission lines and meets ANSI Standard 
EIA/TIA-422-B and ITU Recommendation V.11. 



D OR P PACKAGE 
fTOP VIEW) 



R[ 




8 


]v C c 


RE[ 


2 


7 


]B 


DE[ 


3 


6 


]A 


D[ 


4 


5 


] GND 



logic symbolt 



DE 
RE 



EN1 






EN2 










d 




> 


1V 
1V 




< 




V2 




'I 



» « ► B 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 

DE-2- 
D 



RE 
R 



Bus 



The SN75176A combines a 3-state differential line driver and a differential input line receiver, both of which 
operate from a single 5-V power supply. The driver and receiver have active-high and active-low enables, 
respectively, that can be externally connected together to function as a direction control. The driver differential 
outputs and the receiver differential inputs are connected internally to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus whenever the driver is disabled or V<x = 0. These 
ports feature wide positive and negative common-mode voltage ranges making the device suitable for party-line 
applications. 

Function Tables 



DRIVER 



RECEIVER 



INPUT 


ENABLE 


OUTPUTS 




DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


D 


DE 


A B 




A-B 


RE 


R 


H 


H 


H L 




V| D >0.2V 


L 


H 


L 


H 


L H 




-0.2 V<Vi D < 0.2 V 


L 


? 


X 


L 


Z Z 




V| D <-0.2V 


L 


L 








X 


H 


Z 








Open 


L 


? 



H = high level, L = low level, ? ■ indeterminate, X = irrelevant, Z = high impedance (off) 



PRODUCTION DATA Information Is current as of publication data. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Jm 



standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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DIFFERENTIAL BUS TRANSCEIVER 
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description (continued) 

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive- and 
negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximately 1 50°C. The receiver features a minimum input 
impedance of 1 2 k£2, an input sensitivity of ±200 mV, and a typical input hysteresis of 50 mV. 

The SN751 76A can be used in transmission-line applications employing the SN751 72 and SN751 74 quadruple 
differential line drivers and SN751 73 and SN751 75 quadruple differential line receivers. 

The SN75176A is characterized for operation from 0°C to 70°C. 
schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 

R (eq) 



Input 



Driver input: R(eq) = 3 kQ NOM 
Enable inputs: R(eq) = 8 kQ NOM 
R(eq) = equivalent resistor 



TYPICAL OF A AND B I/O PORTS 




v C c 



GND 



Input/Output 
Port 



TYPICAL OF RECEIVER OUTPUT 



VCC 



85 Q 
NOM 




- Output 



m 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc ( see Note 1 ) 7 v 

Voltage range at any bus terminal -10V to 15V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g - 65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


T A = 70°C 


Ta = 105°C 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8mW/°C 


464 mW 


261 mW 


P 


1100 mW 


8.8 mW/°C 


704 mW 


396 mW 



recommended operating conditions 





MIN TYP MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), V| or V|c 


-7 12 


V 


High-level input voltage, Vm 


D, DE, and RE 


2 


V 


Low-level input voltage, V|[_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|p (see Note 2) 


±12 


V 


High-level output current, Iqh 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


0 70 


°C 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V IK 


input ClalTip voiiage 


l| = -18mA 


-1.5 


V 


VOH 


High-level output voltage 


V|H = 2V, 
Iqh = -33 mA 


V| L = 0.8 V, 


3.7 


V 


vol 


Low-level output voltage 


V|H = 2V, 
Iqh = 33 mA 


V| L = 0.8 V, 


1-1 


V 


ivqdii 


Differential output voltage 


|Q = 0 


2V 0 D2 


V 


iv 0 D2i 


Differential output voltage 


RL=100 q, 


See Figure 1 


2 


2.7 




V 


RL - 54 Q, 


See Figure 1 


1.5 


2.4 




aivqdi 


Change in magnitude of differential output 
voltage* 




±0.2 


V 


voc 


Common-mode output voltage§ 


R|_ = 54Qor 100 CI, 


See Figure 1 


3 


V 


AlVoc' 


Change in magnitude of common-mode 
output voltaget 




±0.2 


V 


io 


Output current 


Output disabled, 


Vq = 12V 


1 


mA 


See Note 3 


V 0 = - 7 V 


-0.8 


"IH 


High-level input current 


V| = 2.4V 


20 


|iA. 


•IL 


Low-level input current 


V| = 0.4V 


-400 


MA 






V 0 = -7V 


-250 




'OS 


Short-circuit output current 


v 0 =v C c 


250 


mA 






Vq=12V 


500 




'cc 


Supply current (total package) 


No load 


Outputs enabled 




35 


50 


mA 


Outputs disabled 




26 


40 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

t AIVod' ancl AIVqc' are the changes in magnitude of Vod an d Voc respectively, that occur when the input is changed from a high level to a low 
level. 

§ In ANSI Standard EIA/TIA-422-B, Vqc» which is the average of the two output voltages with respect to GND, is called output offset voltage, Vqs- 
NOTE 3: This applies for both power on and off; refer to ANSI Standard El A/TIA-422-B for exact conditions. 

switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


td(OD)' 


Differential-output delay time 


R|_ = 60 Q, 


See Figure 3 


40 


60 


ns 


tt(OD) 


Differential-output transition time 


65 


95 


ns 


tpZH 


Output enable time to high level 


R|_=110Q, 


See Figure 4 


55 


90 


ns 


tPZL 


Output enable time to low level 


R|_= 110 Q, 


See Figure 5 


30 


50 


ns 


tPHZ 


Output disable time from high level 


R[_= 110 Q, 


See Figure 4 


85 


130 


ns 


tPLZ 


Output disable time from low level 


RL = 110Q, 


See Figure 5 


20 


40 


ns 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 

r MriMIVIC 1 En 


TEST CONDITIONS 


MIN TYPt MAY 


UNIT 


\/it Pnciti\/a_rminn inm it throehrtlH \m\tana 
v 1 1 «|» r uoiuvt« yumy input uiicoiiuiu vuiiayc 


Vq = 2.7 V, lo = -0.4 mA 


0.2 


y 


v | j iNeycuive-yuiiiy iitpui iiiro&nuiu vuiiayt? 


Vq = 0.5 V, lo = 8 mA 


—0 2"^ 




\ / 1_ _ Ini^i it Wv/ctorocic \/nltafiA \/i-r \ 

v hys input nysiercois vuiiayts ^ v | y + — v| \ —) 




ou 


mv 


\ / 1 1 x Fnahlo ^lamn wrtltano 
v \\\ CilaUlt} Oldllip VOIldyc 


l| =-18mA 


— 15 




Voh High-level output voltage 


V|D = 200 mV, Ioh = -400 nA, 
See Figure 2 


2.7 


V 


Vql Low-level output voltage 


V|D = -200mV, loi_ = 8mA, 
See Figure 2 


0.45 


V 


loz High-impedance-state output current 


V 0 = 0.4 V to 2.4 V 


±20 


ma 


l| Line input current 


Other input = 0 V, 
See Note 3 


V| = 12V 


1 


mA 


V| = -7V 


-0.8 


1 1 h High-level enable input current 


V| H = 2.7V 


20 


MA 


1 1 1_ Low-level enable input current 


V| L = 0.4V 


-100 


nA 


rj Input resistance 




12 


kQ 


los Short-circuit output current 




-15 -85 


mA 


ICC Supply current (total package) 


No load 


Outputs enabled 


35 50 


mA 


Outputs disabled 


26 40 



t All typical values are at Vcc - 5 V, Ta « 25°C. 

t The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 3: This applies for both power on and power off. Refer to ANSI Standard EIA/TIA-422-B for exact conditions. 



switching characteristics, Vqc = 5 V, Cl = 15 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*PLH Propagation delay time, low-to-high-level output 


V| D = - 1 .5 V to 1 .5 V, See Figure 6 


21 35 


ns 


*PHL Propagation delay time, high-to-low-level output 


23 35 


ns 


tPZH Output enable time to high level 


See Figure 7 


10 30 


ns 


tPZL Output enable time to low level 


12 30 


ns 


tPHZ Output disable time from high level 


See Figure 7 


20 35 


ns 


tp|_z Output disable time from low level 


17 25 


ns 
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PARAMETER MEASUREMENT INFORMATION 



I < o 



v OD2 



1 



Figure 1. Driver Vqd and Vqc 



Figure 2. Receiver Vqh and Vql 







Generator 
(see Note A) 






_ C L = 50 pF 
RL = 60q_L (see Note B) 

~ Output 



ln P ut /l.5V \l.5V 

— r \ v — 



■■— 3 V 

- — ov 



td(OD)-ri K- ~>l K td (0 D) 

L 1 1 «2.5V 

Output 50% /\ 90% [1 50% 

mf\ i y Q% , 25V 

t t (OD) W- t\{OD) ' 



TEST CIRCUIT " VOLTAGE WAVEFORMS 

Figure 3. Driver Test Circuit and Voltage Waveforms 



0or3V 



Generator 
(see Note A) 



Output 

^ LJ CL = 50pF -y- ^R L 



150Q 



(see Note B) 



:110Q 



'"P»* ^LSV 1.5 V ^ 
Output 



3V 



0V 
0.5 V 



VOH 



/ 2 .3V I Kf 
7 tpHZ-^l H- V off «0V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waveforms 



3VorO 



Generator 
(see Note A) 



C L = 50 pF^ 



50 Q 



: R L = 110Q 
Output 



|0— o 

Cl = 50 pF^p 
(see Note B) 



TEST CIRCUIT 



,n P ut _jfw N^i 



— 3V 

5 V 

0V 



tpzL-N — ►! 



5V 
0.5 V 



Output \2-3V /J 

\ ^FVql 



VOLTAGE WAVEFORMS 



Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50G. 
B. C|_ includes probe and jig capacitance. 
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Generator 
(see Note A) 




1 51 Q 
1 1-5V C 



PARAMETER MEASUREMENT INFORMATION 

Input 



Output 



0V- 



(see Note B) 



5 V 



I 

tpLH H«j 



3V 



OV 



^. *PHL 
J. v 0H 



Outpu t j f^, \^. 3V 



vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 6. Receiver Test Circuit and Voltage Waveforms 
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(see Note A) 
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(see Note B) 



50G 



1N916or Equivalent 



S3 



TEST CIRCUIT 
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Input 



Output 
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Output T 
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fa 
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Figure 7. Receiver Test Circuit and Voltage Waveforms 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo - 50 Q. 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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DRIVER 
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vs 

HIGH-LEVEL OUTPUT CURRENT 
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TYPICAL CHARACTERISTICS 
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RECEIVER 
OUTPUT VOLTAGE 

VS 

ENABLE VOLTAGE 



1 1 

V|D = 0.2V 
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Ta = 25°C 
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Ta - Free-Air Temperature - °C 

Figure 12 
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Figure 13 
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V| D = 0.2V 

Load = 1 kQ to Vqc 

Ta = 25°C 

I 

Vcc = 5 V 
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1 1.5 2 2.5 
V|- Enable Voltage -V 



Figure 14 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-565 



SN75176A 

DIFFERENTIAL BUS TRANSCEIVER 

SLLS100A- JUNE 1984 -REVISED MAY 1995 



APPLICATION INFORMATION 



SN65176A SN65176A 




Figure 15. Typical Application Circuit 



NOTE A: The line should be terminated at both ends in its characteristic impedance (Rj = Zq). Stub lengths off the main line should be kept 
as short as possible. 
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Bidirectional Transceivers 

Meet or Exceed the Requirements of ANSI 
Standards EIA/TIA-422-B and RS-485 and 
ITU Recommendations V.11 and X.27 
Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

3-State Driver and Receiver Outputs 
Individual Driver and Receiver Enables 
Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

Driver Output Capability . . . ±60 mA Max 
Thermal Shutdown Protection 
Driver Positive and Negative Current 
Limiting 

Receiver Input Impedance ... 12 Min 
Receiver Input Sensitivity . . . ±200 mV 
Receiver Input Hysteresis . . . 50 mV Typ 
Operate From Single 5-V Supply 



D OR P PACKAGE 
(TOP VIEW) 

1 U shvcc 

2 7 ]B 

3 6 ] A 

4 5 ] GND 



R[ 
RE[ 
DE[ 

D[ 



logic symbolt 



DE 
RE 



EN1 








EN2 








b_ 






r 




> 


1V 
1V 




< 






V2 




jr 





M ► 7 B 



description 



tThis symbol is in accordance with ANSi/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 

logic diagram (positive logic) 

DE-^- 



RE 
R 



Bus 



The SN65176B and SN75176B differential bus 
transceivers are monolithic integrated circuits 
designed for bidirectional data communication on 
multipoint bus transmission lines. They are 
designed for balanced transmission lines and 
meet ANSI Standards EIA/TIA-422-Band RS-485 
and ITU Recommendations V.11 and X.27. 

The SN65176B and SN75176B combine a 3-state differential line driver and a differential input line receiver, 
both of which operate from a single 5-V power supply. The driver and receiver have active-high and active-low 
enables, respectively, that can be externally connected together to function as a direction control. The driver 
differential outputs and the receiver differential inputs are connected internally to form differential input/output 
(I/O) bus ports that are designed to offer minimum loading to the bus whenever the driver is disabled or 
Vcc = °- These ports feature wide positive and negative common-mode voltage ranges making the device 
suitable for party-line applications. 



Function Tables 



DRIVER 



RECEIVER 



INPUT 


ENABLE 


OUTPUTS 




DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


D 


DE 


A B 




A-B 


RE 


R 


H 


H 


H L 




V|D>0.2V 


L 


H 


L 


H 


L H 




-0.2 V<V|D< 0.2 V 


L 


? 


X 


L 


Z Z 




V| D < -0.2 V 


L 


L 








X 


H 


Z 








Open 


L 


H 



H = high level, L = low level, ? = indeterminate, X = irrelevant, Z = high impedance (off) 
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description (continued) 

The driver is designed for up to 60 mA of sink or source current. The driver features positive- and 
negative-current limiting and thermal shutdown for protection from line-fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum input 
impedance of 12 kQ, an input sensitivity of ±200 mV, and a typical input hysteresis of 50 mV. 

The SN65176B and SN75176B can be used in transmission line applications employing the SN75172 and 
SN751 74 quadruple differential line drivers and SN751 73 and SN751 75 quadruple differential line receivers. 

The SN65176B is characterized for operation from -40°C to 105°C and the SN75176B is characterized for 
operation from 0°C to 70°C. 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 



Input 




Driver input: R(eq) = 3 NOM 
Enable inputs: )= 8 kQ, NOM 
R(eq) = equivalent resistor 



TYPICAL OF A AND B I/O PORTS 




v C c 



GND 



Input/Output 
Port 



TYPICAL OF RECEIVER OUTPUT 

-vcc 



85 Q 
NOM 



- Output 



777 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Voltage range at any bus terminal -10V to 15V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN651 76B -40°C to 1 05°C 

SN75176B 0°Cto70°C 

Storage temperature range, T stg - 65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 


DERATING FACTOR 


T A = 70 e C 


T A = 105°C 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


261 mW 


P 


1100 mW 


8.8 mW/°C 


704 mW 


396 mW 



recommended operating conditions 





MIN TYP MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), V| or Vic 


12 


V 


-7 


High-level input voltage, Vjh 


D, DE, and RE 


2 


V 


Low-level input voltage, V||_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|q (see Note 2) 


±12 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-400 


HA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


SN65176B 


-40 105 


°C 


SN75176B 


0 70 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS! 


MIN 


TYP* 


MAX 


UNIT 


V IK 


ii ipui IslCll 1 ip vuiictyc 


l| = -18mA 


-1.5 


V 


vo 


Output voltage 


io = o 


0 




6 


v 


\\//~sr\4 I 


Diffarantial m itm it wnltoriA 
L/IMcicl llldl UUipul VUllaytJ 


io = o 


1.5 


3.6 


6 


V 




Differential output voltage 


RL=100Q, 


See Figure 1 


1/2VQD1 
or2ll 


V 






RL = 54«, 


See Figure 1 


1.5 


2.5 


5 


V 


VQD3 


Differential output voltage 


See Note 4 


1.5 




5 


V 


AIVodI 


Change in magnitude of differential output 
voltage§ 






±0.2 


V 


voc 


Common-mode output voltage 


R|_ = 54 Q or 100 Q, 


See Figure 1 


+3 
-1 


V 


AlVocI 


Change in magnitude of common-mode 
output voltagel 






±0.2 


V 


"0 


Output current 


Output disabled, 


Vq = 12V 


1 


mA 


See Note 3 


V 0 =-7V 


-0.8 


l|H 


High-level input current 


V| = 2.4V 


20 


»A 


IlL 


Low-level input current 


V| = 0.4V 


-400 


HA 






Vo = -7V 


-250 




'OS 


Short-circuit output current 


v 0 = o 


150 


mA 


Vq= Vqc 


250 






Vq=12V 


250 




'CC 


Supply current (total package) 


No load 


Outputs enabled 




42 


70 


mA 


Outputs disabled 




26 


35 



t The power-off measurement in ANSI Standard El A/TI A-422-B applies to disabled outputs only and is not applied to combined inputs and outputs. 
* All typical values are at Vqc = 5 V and Ta = 25°C. 

§ AIVod' and Al Vqc' are tn © changes in magnitude of Vod and v OC» respectively, that occur when the input is changed from a high level to a low 
level. 

^ The minimum Vqd2 witn a 1 00-Q load is either 1 12 Vqdi or 2 V, whichever is greater. 
NOTES: 3. See ANSI Standard RS-485 Figure 3.5, Test Termination Measurement 2. 

4. This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. The EIA/TIA-422-B limit does not apply 
for a combined driver and receiver terminal. 



switching characteristics, Vqc = 5 V, Rl = 110 kQ, Ta = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


td(OD) 


Differential-output delay time 


R|_ - 54 Q, See Figure 3 


15 


22 


ns 


tt(OD) 


Differential-output transition time 


20 


30 


ns 


tPZH 


Output enable time to high level 


See Figure 4 


85 


120 


ns 


tPZL 


Output enable time to low level 


See Figure 5 


40 


60 


ns 


tPHZ 


Output disable time from high level 


See Figure 4 


150 


250 


ns 


tPLZ 


Output disable time from low level 


See Figure 5 


20 


30 


ns 
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SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


v 0 


Voa. V 0 b 


Voa, V 0 b 


IVOD1I 


v 0 


v 0 


IV 0 D2' 


V t (Rl= 100 Q) 


V t (Rl = 54 Q) 


IV 0 D3l 




Vt (Test Termination 
Measurement 2) 


AIVodI 


I IV t l-IV t l I 


I IV t -IV t l I 


voc 


IV 0S I 


IV 0S I 


AIVqcI 


"Vos-Vosl 


IVqs-VosI 


'OS 


UsaL Hsbl 




"0 


HxaL I'xbl 


>ia> >ib 



RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Vq = 2.7 V, l 0 = -0.4 mA 


0.2 


V 


V|j_ Negative-going input threshold voltage 


V 0 = 0.5 V, Iq = 8 mA 


-0.2* 


V 


V ny s Input hysteresis voltage (V|t + - V|j_) 




50 


mV 


V|k Enable Input clamp voltage 


l|=-18mA 


-1.5 


V 


Voh High-level output voltage 


V|D = 200 mV, Iqh = ~400 jiA, 
See Figure 2 


2.7 


V 


Vol Low-level output voltage 


V|d = -200 mV, Iql = 8 mA, 
See Figure 2 


0.45 


V 


loz High-impedance-state output current 


Vq = 0.4 V to 2.4 V 


±20 


MA 


1 1 Line input current 


Other input = 0 V, 
See Note 5 


V| = 12V 


1 

-0.8 


mA 


V| = -7V 


l|H High-level enable input current 


V|H = 2.7V 


20 


pJK 


l|L Low-level enable input current 


V|L = 0.4V 


-100 


MA 


r| Input resistance 


V| = 12 V 


12 


kQ 


lOS Short-circuit output current 




-15 -85 


mA 


ICC Supply current (total package) 


No load 


Outputs enabled 


42 55 


mA 


Outputs disabled 


26 35 



t All typical values are at V<x = 5 V, Ta = 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 5: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions. 
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switching characteristics, Vqc = 5 V, Cl = 15 pF, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low- to high-level output 


V|D = 0 to 3 V, See Figure 6 


21 35 


ns 


tpHL Propagation delay time, high- to low-level output 


, _23 35 


ns 


tpzH Output enable time to high level 


See Figure 7 


10 20 


ns 


tpzi_ Output enable time to low level 


12 20 


ns 


tpHZ Output disable time from high level 


See Figure 7 


20 35 


ns 


*PLZ Output disable time from low level 


17 25 


ns 
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PARAMETER MEASUREMENT INFORMATION 



> V 0D 2 



5k 

2 



Figure 1. Driver Vqd and v OC 



"irj>-l — r 



Figure 2. Receiver Vqh and Vql 







Generator 
(see Note A) 


>50ft 

4 





1 i 


i 


I J 


=^ Cl = 50 pF 






► R|_ = 54 ft 


(see Note B) 




i 


Output 



3V 



0 Vor3V 



Generator 
(see Note A) 



:50ft 



TEST CIRCUIT 



'"P"t ^ L5V ^l-SV 



3V 



0V 



td(OD) -*l H~ K td(OD) 

bTTWHq ~ 2,5V 

Output 50% JO Qt 50% 

mJf\ \ym^ ta 25V 

tt(oo) -» k- -*l k- t t (ODiT " 



VOLTAGE WAVEFORMS 



Figure 3. Driver Test Circuit and Voltage Waveforms 
Output 



I ^1 Cl = 50 pF 



(see Note E 



ut /l.5V 15 v\ 

— f \ r o 

tpZH "t*-*j 
Output /2.3 V I psT^" 



Input 



P F T f R L = 
B) l 1 



110 ft 



V 
0.5 V 



TEST CIRCUIT 

Figure 4. Driver Test Circuit and Voltage Waveforms 



tpHZ"*l W- V 0 ff«OV 
VOLTAGE WAVEFORMS 



3VorOV 




RL = 110ft ' 
Output 



TEST CIRCUIT 



,n P ut ^jj^i7v \^ 



3V 

1.5 V 

0V 



tPZL-H— il t*-^t PLZ 



Output 



5V 
0.5 V 



\ 2 .3v \/r 
x fjr ^~ vol 



VOLTAGE WAVEFORMS 



Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50 ft. 
B. Cl includes probe and jig capacitance. 
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Generator 
(see Note A) 




< 51 £2 
_I 1.5 V— C 



PARAMETER MEASUREMENT INFORMATION 

Input 



Output 



0V- 



CL = 15pF- 
(see Note B) 



ut y^ 15V N ^»-5V 



tPLH 
Output 



_/l.3V 



*PHL 




1.3 V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 6. Receiver Test Circuit and Voltage Waveforms 



3V 

ov 

Voh 

vol 



1.5 V 
-1.5 V 



Generator 
(see Note A) 



CL = 15pF £5k£2 
(see Note B) 



50 Q 



TEST CIRCUIT 



Input 



Output 



Input 




— 3 V 



— _ 1.5V 

S1 to 1.5 V 
■ 0 V S2 Open 

tPZH -*i *- S3Closed 



input 



EE. 



•voh 
ov 



Output 



1.5 V 



I 

tPHZ 

jl 1 



\ 3V 



OV 



51 to 1.5 V 

52 Closed 

53 Closed 



1N916or Equivalent 



S3 



\— ■— 3V 



— 1.5V 
. x S1 to -1.5 V 

^ OV S2 Closed 

tpZL -+| H- S3 °P en 

_L 



*4.5V 



■1.5 V 



■vol 



_0.5V_ 
Output T 



vqh 



*1.3V 
VOLTAGE WAVEFORMS 




Figure 7. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r <6 ns, tf < 6 ns, 
Zo = 50a 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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Figure 10 
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TYPICAL CHARACTERISTICS 
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HIGH-LEVEL OUTPUT CURRENT 
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Figure 11 
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tOnly the 0°C to 70°C portion of the curve applies to the 
SN75176B. 

Figure 12 
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Figure 13 
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TYPICAL CHARACTERISTICS 
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Figure 15 
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RECEIVER 
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Figure 16 



APPLICATION INFORMATION 



SN65176B 
SN75176B 



-t> 



0 f- 




:Rt 



^T< 



SN65176B 
SN75176B 



<3 



7\ \7 u Pto32 \7 TV 

/ \ \/ Transceivers \/ / \ 

I ••• T nr 

Figure 17. Typical Application Circuit 




NOTE: The line should be terminated at both ends in its characteristic impedance (Rj = Zq). Stub lengths off the main line should be kept as short 
as possible. 
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Bidirectional Transceiver 

Suitable for Most EIA Standards RS-422-A 

and RS-485 Applications 

Designed for Multipoint Transmission on 

Long Bus Lines in Noisy Environments 

3-State Driver and Receiver Outputs 

Individual Driver and Receiver Enables 

Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

Driver Output Capability . . . ±60 mA Max 

Thermal Shutdown Protection 

Driver Positive- and Negative-Current 
Limiting 

Receiver Input Sensitivity . . . ±200 mV 
Receiver Input Hysteresis . . . 50 mV Typ 
Operates From Single 5-V Supply 
Low Power Requirements 



description 



JG PACKAGE 
(TOP VIEW) 




W PACKAGE 
(TOP VIEW) 




FK PACKAGE 
(TOP VIEW) 



O 
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The SN95176B differential bus transceiver is a 
monolithic integrated circuit designed for bi- 
directional data communication on multipoint bus 
transmission lines. The transceiver is suitable for 
most RS-422-A and RS-485 applications to the 
extent of the specified data sheet characteristics 
and operating conditions. 

The SN95176B combines a 3-state differential 
line driver and a differential input line receiver, 
both of which operate from a single 5-V power 
supply. The driver and receiver have active-high 
and active-low enables, respectively, that can be 
externally connected together to function as a 
direction control. The driver differential outputs and the receiver differential inputs are connected internally to 
form differential input/output (I/O) bus ports that are designed to offer minimum loading to the bus whenever the 
driver is disabled or Vqc = 0. These ports feature wide positive and negative common-mode voltage ranges 
making the device suitable for party-line applications. 

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive- and 
negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum input 
impedance of 12 kQ, an input sensitivity of ±200 mV, and a typical input hysteresis of 50 mV. 

The SN951 76B is characterized for operation from -40°C to 1 1 0°C. 



NC - No internal connection 
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Function Tables 



DRIVER 



RECEIVER 



INPUT 


ENABLE 


OUTPUTS 




DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


D 


DE 


A B 




A - B 


RE 


R 


H 


H 


H L 




V|D > 0.2 V 


L 


H 


L 


H 


L H 




-0.2 V<V|Q< 0.2 V 


L 


? 


X 


L 


Z Z 




V|D < -0.2 V 


L 


L 








X 


H 


Z 



logic symbolt 



H = high level, L = low level, ? = indeterminate, X = irrelevant, Z = high impedance (off) 

logic diagram (positive logic) 

3 



DE- 
RE • 



EN1 
EN2 
□ 




c 




> 








1V 






1V 


V2 


< 


4 





TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
Terminal numbers shown are for the JG package. 

schematics of inputs and outputs 



Bus 



EQUIVALENT OF EACH INPUT 

vcc- 

' : R (eq) 



TYPICAL OF A AND B I/O PORTS 



Input 



1 



Driver input: R(eq) = 3 kQ NOM 
Enable inputs: R( 6 q) = 8 NOM 
R(eq) = equivalent resistor 




Vcc 



GND 



Input/Output 
Port 



TYPICAL OF RECEIVER OUTPUT 
— Vcc 




Output 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1 ) 7 V 

Voltage at any bus terminal -10V to 15V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A -40°C to 1 1 0°C 

Storage temperature range, T stg -65°C to 1 50°C 

Case temperature for 60 seconds, Tq' FK package 260°C 



Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: JG or W package 300°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


T A r 110°C 
POWER RATING 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


440 mW 


JG 


1050 mW 


8.4mW/°C 


672 mW 


546 mW 


336 mW 


W 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


320 mW 



recommended operating conditions 





MIN TYP MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common-mode), V| or V|c 


12 


V 


-7 


High-level input voltage, Vm 


D, DE, and RE 


2 


V 


Low-level input voltage, V||_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|d (see Note 2) 


±12 


V 


High-level output current, IrjH 


Driver 


-60 


mA 


Receiver 


-400 


HA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver * 


8 


Operating free-air temperature, T A 


-40 110 


°C 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


l| = -18mA 


-1.5 


V 


vo 


Output voltage 


k>-o 


0 




6 


V 


IVODll 


Differential output voltage 


io = o 


1.5 




6 


V 


IVQD2' 


Differential output voltage 


RL = 100 ft, 


See Figure 1 


2 


V 


RL = 54 ft, 


See Figure 1 


1.5 


2.5 


5 


V 


VOD3 


Differential output voltage 


See Note 3 


4 


V 


AlVoDI 


Change in magnitude of differential output 
voltage§ 






±0.2 


V 


voe 


Common-mode output voltage 


RL = 54 ft, 


See Figure 1 


3 


V 


AIVqcI 


Change in magnitude of common-mode output 
voltage§ 






±0.2 


V 


ib 


Output current 


Output disabled, 


Vq= 12 V 


1 


mA 


See Note 4 


V 0 =-7V 


-0.8 


l|H 


High-level input current 


V| = 2.4 V 


20 


MA 


i|L 


Low-level input current 


V| = 0.4V 


-400 


ma 






V 0 = -7V 


-250 






Short-circuit output current 


v 0 = 0 


-150 


mA 


vo = v C c 


250 






Vq=12V 


250 




'cc 


Supply current (total package) 


No load 


Outputs enabled 




42 


70 


mA 


Outputs disabled 




26 


35 



t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs, 
t Ail typical values are at Vqc = 5 V and Ta = 25°C 

§ Al Vqd' an d AIVqcI are tne changes in magnitude of Vqd an d VqC» respectively, that occur when the input is changed from a high level to a low 
level. 

NOTES: 3. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 



4. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply for 
a combined driver and receiver terminal. 



switching characteristics, Vcc = 5 v » T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


kl(OD) 


Differential output delay time 


RL = 54 ft, 


See Figure 3 


15 


22 


ns 


tt(OD) 


Differential output transition time 


20 


30 


ns 


tpZH 


Output enable time to high level 


RL= 110 ft, 


See Figure 4 


85 


120 


ns 


tPZL 


Output enable time to low level 


RL= 110 ft, 


See Figure 5 


40 


60 


ns 


tPHZ 


Output disable time from high level 


R|_ = 110 ft, 


See Figure 4 


150 


250 


ns 


tPLZ 


Output disable time from low level 


RL= 110ft, 


See Figure 5 


20 


30 


ns 
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SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


RS-422-A 


RS-485 


v 0 


Voa. V 0 b 


V oa , Vob 


IVODll 


v 0 


v 0 


IV 0 D2l 


V t (Rl=100Q) 


Vt (RL - 54 Q) 


IVOD3I 


None 


Vt (Test Termination 
Measurement 2) 


AIVqdI 


IIV t l-IV t ll 


IIVt-IV t ll 


voc 


IV 0S I 


IV 0S I 


AlVocI 


"Vos-^osl 


IVos-Vos! 


'OS 


llsaL Hsbl 


None 


io 


"xaL Hxbl 


>ia> >ib 



RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V| j + Positive-going input threshold voltage 


Vo - 2.7 V, lo = -0.4 mA 


0.2 


V 


V| t- Negative-going input threshold voltage 


Vo = 0.5V, lo = 8mA 


-0.2* 


V 


V n ys Input hysteresis voltage (Vrr + - V| j-) 




50 


mV 


V| k Enable clamp voltage 


l|=-18mA 


-1.5 


V 


Voh High-level output voltage 


V|D*200mV, Ioh = -400mA, 
See Figure 2 


2.7 


V 


Vql Low-level output voltage 


V|d = -200 mV, lOL = 8 mA » 
See Figure 2 


0.45 


V 


>OZ. High-impedance-state output current 


Vq = 0.4 V to 2.4 V 


±20 


HA 


1 1 Line input current 


Other input = 0 V, 
See Note 5 


V| = 12 V 


1 

-0.8 


mA 


V| =-7V 


1 1 h High-level enable input current 


V|H»2.7V 


20 


MA 


l|L Low-level enable input current 


V|L«0.4V 


-100 


ma 


rj Input resistance 


V|«12V 


12 




'OS Short-circuit output current 




-15 -85 


mA 


ICC Supply current (total package) 


No load 


Outputs enabled 


42 70 


mA 


Outputs disabled 


26 35 



t All typical values are at Vcc = 5 V, Ta * 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 5: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions. 
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switching characteristics, Vqq = 5 V, Cl = 15 pF, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


V|D = 0to3V, See Figure 6 


21 35 


ns 


tpHL Propagation delay time, high- to low-level output 


23 35 


ns 


tpzH Output enable time to high level 


See Figure 7 


10 20 


ns 


tPZL Output enable time to low level 


12 20 


ns 


tpHZ Output disable time from high level 


See Figure 7 


20 35 


ns 


tpLZ Output disable time from low level 


17 25 


ns 



PARAMETER MEASUREMENT INFORMATION 



ft 

VqD2 f-^ -y 



f V 0C 



T 

vol 



VOH 



-'OH 



Figure 1. Driver Vqd and Vqc 



Figure 2. Receiver Vqh and Vql 







Generator 
(see Note A) 


IsOQ 



RL. = 54 Q 



Cl = 50 pF 
(see Note B) 

Output 



Input 



3V 



0V 



*d(OD) " 



*d(OD) 
«2.5V 



3V 



Output 50% /T 1^50% 

/| 10% |\1_ „_25V 

tt(OD)"^ *~ N— t t( OD) 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 a 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 



0Vor3V- 



Generator 
(see Note A) 



Output . 

\j— <^ '"P»t ^H.5V 1.5V ^ 



'.50Q 



(see Note B) 



3V 



Output 



2.3 V 
tPHZ 



0V 
0.5 V 

^ V 0 ff ~ 0 V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 
B. C|_ includes probe and jig capacitance. 

Figure 4. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

5V 



3VorOV- 



Generator 
(see Note A) 



Rl = hoq 

4 — Output 



50 Q 



(see Note B) 



,n P ut _y^V \ ^1.5V 



3V 



. 0V 



tpZL-T 1 



Output 



[ h *~ tpLZ 

\ 2,3V -ilfi 0,5V 
N — : — f ~ v ol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 
B. Cl includes probe and jig capacitance. 

Figure 5. Driver Test Circuit and Voltage Waveforms 



Generator 
(see Note A) 




| 51 Q 
1 1.5V- c 



Input 



0V 



C L = 15pF " 
(see Note B) 



tPLH 
Output 



V 

jr 1.3 V 



3V 



0V 



-5- tpHL 




VOH 



vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 Q. 
B. C[_ includes probe and jig capacitance. 

Figure 6. Receiver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



1.5 V ~ Q ^^ 

-1.5 V o 



Generator 
(see Note A) 



Input 



Output 



Input 



1.5 V 



I 



tpHZ — H 





r 1.5 V 

S1 to 1.5 V 
| > o V S2 Open 

tPZH^ S3C,osed 

-V 0H 



1.5 V 

S1 to -1.5 V 
OV S2 Closed 



\ 3V 



51 to 1.5 V 

52 Closed 

53 Closed 



tPLzH^-H 



Output 



Vqh 



Output 



*1.3V 
VOLTAGE WAVEFORMS 



«1.3V 

vol 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf £ 6 ns, 
Zo = 50a 
B. C[_ includes probe and jig capacitance. 

Figure 7. Receiver Test Circuit and Voitage Waveforms 
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TYPICAL CHARACTERISTICS 



> 

i 



& 

a 
O 



X 

I 

X 

>° 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc 


= 5V 










T A = 


25°C — 



































































































-20 -40 -60 -80 -100 -120 
Iqh - High-Level Output Current - mA 

Figure 8 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



5 
4.5 

> 

I 4 
o 

O) 

2 3.5 



3 

Br 



>° 



3 
2.5 

2 
1.5 

1 

0.5 
0 



v C c = 


:5V 










Ta = J 


25°C 











































































































20 40 60 80 100 
lOL - Low-Level Output Current - mA 

Figure 9 
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i 

B 



a. 

3 

O 

1 



Q 

I 

Q 
>° 
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3.5 
3 

2.5 
2 

1.5 
1 

0.5 
0 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 















"'I I ' 

V C C = 5V 
















'A 

































































































































0 10 20 30 40 50 60 70 80 90 100 
lo - Output Current - mA 

Figure 10 
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TYPICAL CHARACTERISTICS 



x 

i 

X 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 
1 

0.5 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

















I I 

V|D = 0.2 V 
















TA = 


25°( 










































































/cc = 


= 5.25 V 






~ V 


:c = 


4.75 






/ V 


cc = 


5V 





























































o 

°> 

§ 

3 

a- 

3 

O 

1 

mJ 

o> 
x 

i 

x 

.p 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
VS 

FREE-AIR TEMPERATURE 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 



I I 

V C C = 5V 
V|D = 200 mV 
low = -440 nA 























































































































































-5 -10 -15 -20 -25 -30 -35 -40 -45 -50 
'OH - High-Level Output Current - mA 



-40 -20 0 20 40 60 80 100 120 
7"a - Free-Air Temperature - °C 



Figure 11 



Figure 12 
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RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 




> 

i 

oi 

B 



& 

3 

o 



>° 



RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 

vs 

FREE-AIR TEMPERATURE 



0.6 



r 1 

V C C = 5 V 
V| D = -200 mV 
0.5 h IqL = 8 mA 



0.4 



0.3 



0.2 



0.1 



0 5 10 15 20 25 30 
'OL - Low-Level Output Current - mA 

Figure 13 



-40 -20 0 20 40 60 80 100 120 
Ta - Free-Air Temperature - °C 

Figure 14 
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TYPICAL CHARACTERISTICS 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



1 1 

V| D r 0.2 V 

Load = 8 k£2 to GND 

T A = 25°C 






c w 
















7 






vcc = o v 









































0.5 1 1.5 2 2.5 
V|( 6 n) - Enable Voltage - V 

Figure 15 



o 
i 

>° 



> 

i 

o 
o> 

B 



% 3 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



V C c = 5.25 V 



V C C = 4.75 V 



V| D = -0.2 V 
Load = 1 k£l to Vcc 
T A = 25«C 



V C C = 5V 



0.5 1 1.5 2 2.5 
V|( en ) - Enable Voltage - V 

Figure 16 



APPLICATION INFORMATION 



SN95176B 



-o 




>R T 



R T< 



7v\7 ^ \77\ 

/ \ \/ Transceivers \/ / \ 

T ••• T nr 

Figure 17. Typical Application Circuit 



SN95176B 




NOTE A: The line should terminate at both ends in its characteristic impedance (Rj = Zrj). Stub lengths off the main line should be kept as 
short as possible. 
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• Meet or Exceed the Requirements of ANSI 
Standards EIA/TIA-422-B and RS-485 and 
ITU Recommendations V.11 and X.27 

• Designed and Tested to Operate at Data 
Rates up to 35 MBaud 

• SN65ALS176 Operating Temperature 
-40°C to 85°C 

• Three Skew Limits Available: 

ALS176...10ns 
ALS176A ... 7.5 ns 
ALS176B . . . 5 ns 

• Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• Low Supply Current Requirements 
30 mA Max 

• Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

• Thermal Shutdown Protection 

• Driver Positive- and Negative-Current 
Limiting 

• Receiver Input Hysteresis 

• Glitch-Free Power-Up and Power-Down 
Protection 

• Receiver Open-Circuit Fail-Safe Design 

description 

The SN65ALS176 and SN75ALS176 series 
differential bus transceivers are monolithic 
integrated circuits designed for bidirectional data 
communication on multipoint bus transmission 
lines. They are designed for balanced 
transmission lines and meet ANSI Standards 
EIA/TIA-422-B and RS-485 and ITU 
Recommendations V.11 and X.27. 

The SN65ALS176 and SN75ALS176 series 
combine a 3-state, differential line driver and a 
differential input line receiver, both of which 
operate from a single 5-V power supply. The driver 
and receiver have active-high and active-low 
enables, respectively, which can be externally 



D OR P PACKAGE 
(TOP VIEW) 




Function Tables 

DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


A B 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



RECEIVER 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
RE 


OUTPUT 
R 


V| D >0.2V 


L 


H 


-0.2V<V|D<0.2 V 


L 


? 


Vid<-0.2V 


L 


L 


X 


H 


Z 


Inputs open 


L 


H 



H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 

AVAILABLE OPTIONS 







PACKAGE 


T A 


tsk(LIM)t 


SMALL OUTLINE 
(D)t 


PLASTIC DIP 
(P) 


0°C 
to 
70°C 


10 
7.5 
5 


SN75ALS1 76D 
SN75ALS1 76AD 
SN75ALS1 76BD 


SN75ALS1 76P 
SN75ALS1 76AP 
SN75ALS176BP 


-40°C 

to 
85°C 


15 


SN65ALS176D 


SN65ALS1 76P 



t t S k(LIM) Tnis istne maximum range thatthe driver or receiver delay 
times will vary over temperature, Vqc. a° d process (device to 
device). 

$ The D package is available taped and reeled. Add the suffix R to 
the device type (e.g., SN75ALS1 76DR). 



connected together to function as a direction control. The driver differential outputs and the receiver differential 
inputs are connected internally to form a differential input/output (I/O) bus port that is designed to offer minimum 
loading to the bus whenever the driver is disabled or V<x = 0- This port features wide positive and negative 
common-mode voltage ranges making the device suitable for party-line applications. 

The SN65ALS176 is characterized for operation from -40°C to 85°C, and the SN75ALS176 series is 
characterized for operation from 0°C to 70°C. 



s of publication date. » „ Copyright © 1 995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic symbolt 

3 



OE 

2 

RE 



EN1 








EN2 








P_ 






r 




> 


1V 
1V 


V 2 


< 


JT 





logic diagram (positive logic) 

3 



f — o- 




Bus 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 

R(eq) 



Input - 




Driver Input: R( e q) = 3 k£2 NOM 
Enable Inputs: R( e q) = 8 kQ NOM 
R (eq) = equivalent resistor 



TYPICAL OF A AND B 1/0 PORTS 

v cc - 



3 kQ 
NOM 




TYPICAL OF RECEIVER OUTPUT 

vcc 




Output 



rn 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Voltage range at any bus terminal -7 V to 1 2 V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65ALS176 -40°Cto85°C 

SN75ALS1 76 series 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 


DERATING FACTOR 


Ta = 70°C 


Ta = 85°C 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


P 


"lOOQmW 


8.0 mW/°C 


640 mW 


520 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Input voltage at any bus terminal (separately or common mode), V| or V|c 


12 


V 


-7 


High-level input voltage, Vm 


D, DE, and RE 


2 


V 


Low-level input voltage, V||_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|d (see Note 2) 


±12 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-400 


HA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


SN65ALS176 


-40 85 


°C 


SN75ALS176 


0 70 



NOTE 2: Differential input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| =-18mA 


-1.5 


V 


Vo Output voltage 


io = o 


0 6 


V 


I VoD1 I Differential output voltage 


io = o 


1.5 6 


V 


I Vqd2 ' Differential output voltage 


R|_=100Q, See Figure 1 


1/2VQD1 
or2§ 


v 


R|_ = 54 Q, See Figure 1 


1.5 2.5 5 


V 


v OD3 Differential output voltage 


V tes t = -7 V to 1 2 V, See Figure 2 


1.5 5 


V 


.... . Change in magnitude of differential 
AIV ° Dl outputvoltageH 


Rl_ = 54 « or 1 00 Q, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


3 
—1 


V 


A l v | Change in magnitude of 

common-mode output voltage^ 


±0.2 


V 


Iq Output current 


Outputs disabled, 
See Note 3 


Vo=12V 


1 


mA 


V 0 = -7V 


-0.8 


l|H High-level input current 


V| = 2.4 V 


20 


ma 


Low-level input current 


V| = Q.4V 


-400 


ma 


'OS Short-circuit output current 


Vq = -4 V 


SN65ALS176 


-250 


mA 


V 0 =-6 V 


SN75ALS176 


v 0 = o 


-150 


v 0 = v C c 


250 


V 0 = 8V 


'CC Supply current 


No load 


Outputs enabled 


23 30 


mA 


Outputs disabled 


19 26 



t The power-off measurement in ANSI Standard EIA/TIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs. 
$ All typical values are at Vqc = 5 V and Ta = 25°C. 

§ The minimum VoD2 witn a 1 load is either 1/2 VoD1 or 2 v » whichever is greater. 

11 A I Vqd 1 and A 1 v OC 1 are tne changes in magnitude of Vod and v OC» respectively, that occur when the input is changed from one logic state 
to the other. 

NOTE 3: This applies for both power on and power off; refer to ANSI standard RS-485 for exact conditions. The El A/TI A-422-B limit does not apply 
for a combined driver and receiver terminal. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

SN65ALS176 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


*d(OD) 


Differential output delay time 










15 


ns 


tsk(p) 


Pulse skew* 




R L = 


54 Q, C|_ = 50pF, 


See Figure 3 




0 


2 


ns 


*UOD) 


Differential output transition time 










8 


ns 


tPZH 


Output enable time to high level 




R L » 


110 Q, CL»50pF, 


See Figure 4 


80 


ns 


tPZL 


Output enable time to low level 




R L . 


110 £2, CL-50pF, 


See Figure 5 


30 


ns 


tPHZ 


Output disable time from high level 


R L » 


110 Q, CL = 50pF, 


See Figure 4 


50 


ns 


tPLZ 


Output disable time from low level 


R L « 


110 Q, Ci_ = 50pF, 


See Figure 5 


30 


ns 


t All typical values are at Vqc « 5 V, Ta - 25°C. 

t Pulse skew is defined as the Itpm - tpnL.I of © a ch channel. 














SN75ALS176, SN75ALS176A, SN75ALS176B 
















PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 






'ALS176 








3 


8 


13 




*d(OD) 


Differential output delay time 


'ALS176A 


R L = 


54 Q, Cl = 50 pF, 


See Figure 3 


4 


7 


11.5 


ns 




'ALS176B 








5 


8 


10 




tsk(p) 


Pulse skew* 




R L = 


54 Q, CL«50pF, 


See Figure 3 




0 


2 


ns 






'ALS176 








10 




tsk(lim) 


Skew limit§ 


'ALS176A 


R L = 


54 Q, Cl - 50 pF, 


See Figure 3 


7.5 


ns 




'ALS176B 








5 




*t(OD) 


Differential output transition time 




Rl = 


54 Q, Ci *50 pF, 


See Figure 3 


8 


ns 


tPZH 


Output enable time to high level 




R L » 


110 U CL = 50pF, 


See Figure 4 




23 


50 


ns 


*PZL 


Output enable time to low level 




R L - 


110 Q, CL = 50pF, 


See Figure 5 




14 


20 


ns 


*PHZ 


Output disable time from high level 


R L « 


110Q, CL*50pF, 


See Figure 4 




20 


35 


ns 


tPLZ 


Output disable time from low level 


R L = 


11,0 0, CL*50pF, 


See Figure s 




8 


17 


ns 



t All typical values are at Vqc « 5 V, Ta » 25°C. 

* Pulse skew is defined as the ltp|_H - tpnU °* eacn channel. 

§ Skew limit is the maximum difference in propagation delay times between any two channels of one device. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


vo 


V 0 a,V 0 b 


V oai V 0 b 


I V 0 D1 I 


v 0 


v 0 


I V 0 D2 I 


V t (RL*100O) 


V t (RL»54Q) 


I V 0 D3 I 


None 


Vt (test termination 
measurement 2) 


AIVqdI 


IIV t l-l V t ll 


IIV t l-IV t li 


v 0 c 


IV 0S I 


IVosI 


AlVocI 


IVos-Vo S l 


IVos-VqsI 


•os 


llsaUlsbl 


None 


•o 


HxaUlxbi 


iia. >ib 
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RECEIVER SECTION 

electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|t+ Positive-going input threshold voltage 


Vo = 2.7V, l 0 = -0.4 mA 


0.2 


v 


V| j_ Negative-going input threshold voltage 


Vo = 0.5V, lQ = 8mA 


-0.2* 


V 


v hys Hysteresis voltage (V|j + ~ V|T_) 




60 


mV 


V|k Enable-input clamp voltage 


lj =-18 mA 


-1.5 


V 


Voh High-level output voltage 


V|D = 200 mV, Iqh = -400 joA, 
See Figure 6 


2.7 


V 


Vol Low-level output voltage 


V|D = -200 mV, Iql = 8 mA, 
See Figure 6 


0.45 


V 


lOZ High-impedance-state output current 


Vq = 0.4 V to 2.4 V 


±20 


MA 


V| Line input current 


Other input = 0 V, 
See Note 4 


V| = 12V 


1 


mA 


V| = -7 V 


-0.8 


l|H High-level-enable input current 


VjH = 2.7V 


20 


MA 


l|l_ Low-level-enable input current 


V|L = 0.4V 


-100 


MA 


r\ Input resistance 




12 20 


kQ 


'OS Short-circuit output current 


V|D = 200mV, Vq = 0 


-15 -85 


mA 


Iqc Supply current 


No load 


Outputs enabled 


23 30 


mA 


Outputs disabled 


19 26 



t All typical values are at Vcc = 5 V « T A = 25°C. 

$ The algebraic convention, in which the less-positive (more negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 4: This applies for both power on and power off. Refer to ANSI Standard RS-485 for exact conditions. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 

SN65ALS176 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


tpd 


Propagation time 




V|D = -1.5 V to 1.5 V, 


Cl= 15pF, 


25 


ns 


tsk(p) 


Pulse skew§ 




See Figure 7 


0 


2 


ns 






'ALS176 


RL = 54 Q, 
See Figure 3 


Cl = 50 pF, 


10 




tsk(lim) 


Skewlimitf 


•ALS176A 


7.5 


ns 




'ALS176B 




5 




tPZH 


Output enable time to high level 








11 


18 


ns 


tpZL 


Output enable time to low level 




CL=15pF, 


See Figure 8 


11 


18 


ns 


tPHZ 


Output disable time from high level 




50 


ns 


tPLZ 


Output disable time from low level 








30 


ns 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

§ Pulse skew is defined as the ltp|_H - tpHL 1 of eacn cnanne '- 

' Skew limit is the maximum difference in propagation delay times between any two channels of one device. 
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SN75ALS176, SN75ALS176A, SN75ALS176B 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 






•ALS176 




9 


14 


19 




tpd 


Propagation time 


•ALS176A 


V|D--1.5Vto1.5V, Cj_ = 15pF, SeeFigure7 


10.5 


14 


18 


ns 






'ALS176B 


11.5 


13 


16.5 




tsk(p) 


Pulse skew* 








0 


2 


ns 


tPZH 


Output enable time to high level 






7 


14 


ns 


tPZL 


Output enable time to low level 


C|_ - 1 5 pF, See Figure 8 




20 


35 


ns 


tPHZ 


Output disable time from high level 




20 


35 


ns 


tPLZ 


Output disable time from low level 






8 


17 


ns 



t All typical values are at Vcc = 5 V, T/\ = 25°C. 

$ Pulse skew is defined as the Itpm - tpnU of eacn channel. 



PARAMETER MEASUREMENT INFORMATION 




Figure 1. Driver Vqd2 anc * v OC 



375 Q 




Figure 2. Driver Vqd3 
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PARAMETER MEASUREMENT INFORMATION 




R L = 54Q 



Cl = 50 pF 
(see Note B) 



Input 



1.5 V 



3V 

1.5 V 

0V 



Output *d(ODH)-*1 N H j^-gREg 

(see Note C) | 1 j 886 ??5 

|/90% 90%\| 
Output 50% P 1\ 50% 

10% f I I ^10%^ 



t t (OD)-^ k- -*l H- t t (OD) 
TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Driver Test Circuit and Voltage Waveforms 

Output / v— 3V 



0Vor3V 



Generator 
(see Note A) 




<X S1 I 

X) — • (i 



.50Q 



CL = 50pF' 
(see Note B) 



r 



Inpu t j f^ 4 



:110£2 l« H *PZH 

Output 



/2.3V ! 



ov 



VOH 



2.3 V 

tPHZ~*l k~^" v off~<> 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waeforms 



0Vor3V 



Generator 
(see Note A) 




>50ft 



RL = 110Q 
Output 



C|_ = 50 pF '-p 
(see Note B) I 



it jf 1.5 V N[ ^1.5V 



-3V 



Input 



tpZL-f* — M 



Output 



"N ^2.3V 



ov 

I 

I . 

N — ^" tPLZ 

0.5 V 



^-Vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 

Zq m 50 a 

B. Cl includes probe and jig capacitance. 
C ta(OD) - VJ(ODH) orta(ODL) 
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PARAMETER MEASUREMENT INFORMATION 



Generator 
(see Note A) 




TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50 ft. 
B. Cl includes probe and jig capacitance. 
C t p d = tpLH ortpHL 

Figure 7. Receiver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



1.5 V 
-1.5 V 



Generator 
(see Note A) 



CL = 15pF . 
(see Note B) f 5 kQ 



:50Q 



1N916or Equivalent 



S3 



Input 




3V 



OV 



TEST CIRCUIT 



51 to 1.5 V 

52 Open Input 

53 Closed 



tPZH 



Output 



Input 



V 



VOH 

1.5 V 

OV 



1.5 V 



3V 



' 0 V 



tPHZ r * »i 

_£ 1 



Output -£- V -\ 



51 to 1.5 V 

52 Closed 

53 Closed 



VOH 



-1.3 V 



Output 



Input 




3V 

1.5 V 



tPZL 



S1to.-1.5V 
OV S2 Closed 
S3 Open 



*4.5V 



k 1.5V 



vol 




3V 



1.5 V 



OV 



51 to -1.5 V 

52 Closed 

53 Closed 



tpLZ f* H 



Output 



yZ7 



«1.3V 

vol 



VOLTAGE WAVEFORMS 



Figure 8. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50Q. 
B. C|_ includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 



> 

i 

a> 
o> 
3 



3 

B 
3 

o 

J 

sz 
o> 
X 

I 

I 



5 
4.5 

4 
3.5 

3 
2.5 



2 
1.5 
1 

0.5 

0 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 











vcc = 


:5V 










T A = S 


>5°C 



































































































-20 -40 -60 -80 -100 -120 
•OH - High-Level Output Current - mA 

Figure 9 
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i 

O) 



& 

3 

o 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



5 
4.5 

4 
3.5 

3 
2.5 



2 
1.5 
1 

0.5 

0 



. v C c = 


= 5 V 










TA = ! 


25°C 











































































































20 40 60 80 100 
lOL ~ Low-Level Output Current - mA 

Figure 10 
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I 



a 

i 

a 
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4 
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3 
2.5 

2 
1.5 

1 

0.5 
0 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

















I I 

V C C = 5V 


















= 25° 





























































































































0 10 20 30 40 50 60 70 80 90 100 
lo - Output Current - mA 

Figure 11 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-601 



SN65ALS176, SN75ALS176, SN75ALS176A, SN75ALS176B 
DIFFERENTIAL BUS TRANSCEIVERS 



SLLS040E - AUGUST 1987 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 



> 

i 

O 

s 



B 
o 

1 

3 

CD 
X 



X 

>° 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



I I 

V| D = 0.3 V 
















ta 


= 25 


°c 
































































VCC = 5.25 V 

XIII 
















vcc 

Y 


= 51 


f 


























\ 


/cc = 


= 4.7£ 


V 























































-5-10 r15 -20 -25 -30-35 -40-45 -50 
'OH ~ High-Level Output Current - mA 

Figure 12 
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RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



V C C = 5V 
V| D = 300r 
l0H = "44< 














nV 

)|iA 













































































































































-40 -20 0 20 40 60 80 100 120 
Ta - Free-AIr Temperature - °C 

Figure 13 




5 10 15 20 25 30 
lOL - Low-Level Output Current - mA 

Figure 14 



-40 -20 0 20 40 60 80 100 120 
Ta - Free-Air Temperature - °C 

Figure 15 
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TYPICAL CHARACTERISTICS 



> 

i 

o 

O) 

a 



>° 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



1 1 

V| D = 0.3V 
- Load = 8kmoGND 

T A = 25°C 








25 V 




































\ 


CC = 4." 


rsv 








-v C c = 


5V 































































0.5 1 1.5 2 2.5 
v l(en) - Enable Voltage - V 

Figure 16 
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Q. 
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I 

>° 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



I 

V| D = 0.3V I 
Load = 1 kQ to Vqc 

t . nco/» 


V 




CC = 5.2 


5V 








•A ~ *** w 


















v C c = 


4.75 V 




vcc = 


Ff 















































0.5 1 1.5 2 2.5 
V|(en) - Enable Voltage - V 

Figure 17 
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APPLICATION INFORMATION 



Q ft 



-<] 

/ \ \y Transceivers \Y / \ 

\ I I " 

NOTE A: The line should terminate at both ends in its characteristic impedance (Rj - Zq). Stub lengths off the main line should be kept s 
short as possible. 



3m 

3> 



Figure 18. Typical Application Circuit 
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■ • Bidirectional Transceiver 

I • Meet or Exceed the Requirements of ANSI 

I Standard RS-485 and 

I IS0 8482:1987(E) 

| • High-Speed Low-Power LlnBiCMOS™ 
Circuitry 

• Designed for High-Speed Operation in Both 
Serial and Parallel Applications 

• Low Skew 

• Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• Very Low Disabled Supply-Current 
Requirements . . . 200 \iA Maximum 

• Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

• Driver Output Capacity . . . ±60 mA 

• Thermal-Shutdown Protection 

• Driver Positive-and Negative-Current 
Limiting 

• Open-Circuit Fail-Safe Receiver Design 

• Receiver Input Sensitivity . . . +200 mV Max 

• Receiver Input Hysteresis . . . 50 mV Typ 

• Operate From a Single 5-V Supply 

• Glitch-Free Power-Up and Power-Down 
Protection 
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D, JG, OR P PACKAGE 
(TOP VIEW) 
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Function Tables 

DRIVER 



INPUT 


ENABLE 


OUTPUTS 


D 


DE 


A B 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



RECEIVER 



DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


A-B 


RE 


R 


V|D > 0.2 V 


L 


H 


-0.2 V<V|D< 0.2 V 


L 


? 


V|D<-0.2V 


L 


L 


X 


H 


Z 


Open 


L 


H 



H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



description 

The SN55LBC176, SN65LBC176, and SN75LBC176 differential bus transceivers are monolithic, integrated 
circuits designed for bidirectional data communication on multipoint bus-transmission lines. They are designed 
for balanced transmission lines and meet ANSI Standard RS-485 and ISO 8482: 1987(E). 

The SN65LBC176 and SN75LBC176 combine a 3-state, differential line driver and a differential input line 
receiver, both of which operate from a single 5-V power supply. The driver and receiver have active-high and 
active-low enables, respectively, which can externally connect together to function as a direction control. The 
driver differential outputs and the receiver differential inputs connect internally to form a differential input/output 
(I/O) bus port that is designed to offer minimum loading to the bus whenever the driver is disabled or Vcc = 0. 
This port features wide positive and negative common-mode voltage ranges, making the device suitable for 
party-line applications. Very low device supply current can be achieved by disabling the driver and the receiver. 
Both the driver and receiver are available as cells in the Texas Instruments LinASIC™ Library. 

These transceivers are suitable for ANSI Standard RS-485 and ISO 8482:1987 (E) applications to the extent 
that they are specified in the operating conditions and characteristics section of this data sheet. Certain limits 
contained in the ANSI Standard RS-485 and ISO 8482:1987 (E) are not met or cannot be tested over the entire 
military temperature range. 

The SN55LBC1 76 is characterized for operation from -55°C to 1 25°C. The SN65LBC1 76 is characterized for 
operation from -40°C to 85°C, and the SN75LBC176 is characterized for operation from 0°C to 70°C. 



LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated. 



publication date. — Copyright © 1995, Texas Instruments Incorporated 

Texas Instruments m Sm 

necessarily Include W# nfV V AC 

testing of all parameters. JVt 1EXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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logic symbolt 
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DE - 
RE - 



EN1 
EN2 
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> 








1V 






1V 


V2 
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logic diagram (positive logic) 

3 



t « ► A 
» « » 7 B 



DE 



RE 



Bus 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



Input 



-W 



f— vcc 



n 



TYPICAL OF A AND B I/O PORTS 



vcc 



lOOkftNOM 
A Port Only 

i— A or B 




3kQ 
NOM 



100 kQ NOM 
B Port Only 



1.1 kQ 
NOM 



TYPICAL OF RECEIVER OUTPUT 
— V CC 



J 

«h 

"i 



ih — — Output 



j 
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SN55LBC176, SN65LBC176, SN75LBC176 
DIFFERENTIAL BUS TRANSCEIVERS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Voltage range at any bus terminal -10V to 15V 

Enable input voltage, V| — 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN55LBC1 76 -55°C to 1 25°C 

SN65LBC1 76 -40°C to 85°C 

SN75LBC176 0°Cto70°C 

Storage temperature range, T s tg — -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds ... 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 


DERATING FACTOR 


Ta = 70°C 


Ta = 85°C 


Ta = 125°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8mW/°C 


464 mW 


377 mW 




JG 


1050mW 


8.4mW/°C 


672 mW 


546 mW 


210mW 


P 


1000mW 


8.0mW/°C 


640 mW 


520 mW 





recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


SN55LBC176 


4.5 5 5.5 


V 


SN65/75LBC176 


4.75 5 5.25 


Voltage at any bus terminal (separately or common mode), V| or Vic 


12 


V 


-7 


High-level input voltage, Vm 


D, DE, and RE 


2 


V 


Low-level input voltage, V||_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|p (see Note 2) 


±12 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


SN55LBC176 


-55 125 


°C 


SN65LBC176 


-40 85 


SN75LBC176 


0 70 



NOTE 2: Differential input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|k Input clamp voltage 


l|=-18mA 


-1.5 


V 


Vo Output voltage 


l O -0 


0 6 


V 


I VOD1 1 Differential output voltage 


io = o 


1.5 6 


V 


1 VoD2 1 Differential output voltage 


R|_ = 54Q, See Figure 1, 
See Note 3 


55LBC176 


1.1 


V 


65LBC176 


1.1 


75LBC176 


1.5 5 


v*OD3 Differential output voltage 


Vtest = -7 V to 1 2 V, See Figure 2, 
See Note 3 


55LCB176 


1.1 


V 


65LBC176 


1.1 


75LBC176 


1 .0 0 


.... . Change in magnitude of differential 
AIV ° Dl output voltage t 


R|_ = 54 Q or 100 Q, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


3 


V 


-1 


v Change in magnitude of 

common-mode output voltaget 


±0.2 


V 


Iq Output current 


Output disabled, 
See Note 4 


V 0 = 12V 


1 


mA 


V 0 = -7V 


-0.8 


l|H High-level input current 


V| = 2.4V 


-100 


MA 


l|L Low-level input current 


V| = 0.4V 


-100 


HA 


lOS Short-circuit output current 


V 0 = -7V 


-250 


mA 


v 0 = o 


-150 


Vo = V C C 


250 


V 0 = 12 V 


ICC Supply current 


V|=0orVcc. 
No load 


Receiver disabled 
and driver enabled 


55LBC176 


1.75 


mA 


65LBC176 


1.5 


75LBC176 


Receiver and driver 
disabled 


55LBC176 


0.25 


65LBC176 


75LBC176 


0.2 



t A I Vqd 1 and A I Vqc 1 are the changes in magnitude of Vqd and v OC> respectively, that occur when the input changes from a high level to a low 
level. 

NOTES: 3. This device meets the ANSI Standard RS-485 Vqd requirements above 0°C only. 



4. This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


SN55LBC176 


SN65LBC176 
SN75LSC170 


UNIT 


MIN TYP MAX 


MIN TYPT MAX 


td(OD) Differential output delay time 


R|_ = 54 Q, C|_ = 50 pF, 
See Figure 3 


8 31 


8 25 


ns 


ty(OD) Differential output transition time 






ns 


*sk(p) Pulse skew ( ! tyoDH) ~ *d(ODL) ' ) 


6 


0 6 


ns 


Propagation time, low- to high-level 
PLH single-ended output 




26 


ns 


Propagation time, high- to low-level 
PHL single-ended output 




26 


ns 


tPZH Output enable time to high level 


Rl_=110Q, See Figure 4 


65 


35 


ns 


tPZL Output enable time to low level 


R|_ =110Q, See Figure 5 


65 


35 


ns 


tPHZ Output disable time from high level 


R|_ = 110Q, See Figure 4 


105 


60 


ns 


tpi_z Output disable time from low level 


Rl_=110Q, See Figure 5 


105 


35 


ns 



t All typical values are at Vrjc = 5 v > T A ■ 25°C. 



SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


RS-485 


vo 


Voa^ob 


I V 0 D1 I 


V 0 


IV 0 D2" 


Vt (Rl = 54 Q) 


I V 0 D3 I 


Vt (test termination 
measurement 2) 


A I V 0 D I 


IIV t l-IV t il 


voc 


IV 0S I 


AlVoc" 


"Vos-Vosl 


"OS 


None 


lO 


>ia> >ib 
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RECEIVER SECTION 

electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


w Positive-going input threshold 
V 'T+ voltage 


Vq - 2.7 V, lo = -0.4 mA 


0.2 


V 


v Negative-going input threshold 
IT- voltage 


Vq = 0.5V, lQ = 8mA 


-0.2* 


V 


y Hysteresis voltage (Vjj + - V|j_) 
nvs (see Figure 4) 




50 


mV 


V|j( Enable-input clamp voltage 


l|=-18mA 


—1.5 


v 


v OH High-level output voltage 


V|D = 200mV, Ioh = - 4 0°mA, 
See Figure 6 


2.7 


V 


Vol Low-level output voltage 


V|D = 200mV, lQL = 8mA, 
See Figure 6 


0.45 


V 


High-impedance-state output 
oz current 


Vq = 0.4 V to 2.4 V 


±20 


HA 


1 1 Line input current 


Other input = 0 V, 
See Note 5 


V|-12V 


1 


mA 


V| = -7V 


-0.8 


l|H High-level enable-input current 


V|H = 2.7 V 


-100 


MA 


l|L Low-level enable-input current 


V||_ = 0.4V 


-100 


ma 


r\ Input resistance 




12 




ICC Supply current 


V|*0orVcc. 
No load 


Receiver enabled 
and driver disabled 


3.9 


mA 


Receiver and 
driver disabled 


SN55LBC176 


0.25 


mA 


SN65LBC176 


SN75LBC176 


0.2 



t AH typical values are at Vqc = 5 V, Ta = 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 5: This applies for both power on and power off. Refer to ANSI Standard RS-485 for exact conditions. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 15 pF 



PARAMETER 


TEST CONDITIONS 


SN55LBC176 


SN65LBC176 
SN75LBC176 


UNIT 


MIN MAX 


MIN TYPt MAX 


Propagation delay time, low- to high-level 
PLH single-ended output 


V|D- -1.5 V to 1.5 V, 
See Figure 7 


11 37 


11 33 


ns 


Propagation delay time, high- to low-level 
PHL single-ended output 


11 37 


11 33 


ns 


tsk(p) Pulseskew(lt d (ODH)-t d (ODL)l) 


6 


3 6 


ns 


tpzH Output enable time to high level 


See Figure 8 


35 


35 


ns 


tpzL Output enable time to low level 


35 


30 


ns 


tpHZ Output disable time from high level 


See Figure 8 


35 


35 


ns 


tp|_z Output disable time from low level 


35 


30 


ns 



t All typical values are at V<x = 5 V, Ta * 25°C. 



Texas 
Instruments 

2-610 POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 



SN55LBC176, SN65LBC176, SN75LBC176 
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PARAMETER MEASUREMENT INFORMATION 



-ca 



V 0 D2 



:rl 

2 

«L v 0C 

2 i 



Figure 1. Driver Vqd and Vqc 



375 Q 

-AAA/ 1 



^ V 0 D3 ^ 60 n 



* — Vv\ 1 

375 Q 



v test 

JL 



Figure 2. Driver Vqd3 







Generator 
(see Note A) 


I5OQ 



RL = 54 Q 



Cl = 50 pF 
(see Note B) 



Output 



itpu 



td(ODH) 



3V 



0Vor3V • 



Generator 
(see Note A) 



J50G 



ar| 10% | ic_ 



f«- td(ODL) 

L 



2.5 V 



TEST CIRCUIT 

Figure 3. Driver Test Circuit and Voltage Waveforms 
Output 



Output 50%^| ^ ft^50% 

1 AO/ ' 2 5 V 

tt(OD) -H -H H- t t (OD) 

VOLTAGE WAVEFORMS 



(see Note B) 



^S. Inp ut j jf 

C L = 50pF " |r L = 110O 

X Outp ut J /! 



1.5 V 1.5 V 
tpZH 



— 3V 



OV 
0.5 V 

V--*- V 0 H 



2.3 V 

tPHz k-^ v off «ov 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waveforms 



5V 



. > R L = 110 Q. 

X. |__ — nSI 4— Output 
3VorOV- ^ — 

| — • 1 Cl = 50 pF 




(see Note B) 



Input 
tpZL 



t ^1.5 V ^1.5 V 



3V 

0 V 



N — H — tpLZ 



Output 



5V 
0.5 V 



\ 2.3 V /jT 

^ ' V OL 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq - 50 a 
B. C|_ includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION 



^t-.OL° H ^ 



"'OH 



Figure 6. Receiver Vqh and Vql 



Generator 
(see Note A) 



'51 Q 



1.5 V 



0V 



Output 

Cl = 15pF7=p 
(see Note B) 



ln P ut ^.5W N^1.5V 



3V 



0V 



tPLH 
Output 



TEST CIRCUIT 



-1.3 V 



VOLTAGE WAVEFORMS 



, tPHL 

_J__ V 0H 



vol 




NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 £1 
B. Cl includes probe and jig capacitance. 

Figure 7. Receiver Test Circuit and Voltage Waveforms 



> 
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1.5 V 



-1.5 V ° 



PARAMETER MEASUREMENT INFORMATION 

S1 

1— w- 



Generator 
(see Note A) 




50 Q 



2 kg 



5V 



:C L = 15pF > 5kQ ▼ 1N916 or Equivalent 
(see Note B) \ 



TEST CIRCUIT 



S3 



Input 



Output 



Input 



XL 



tpzH k- 



TT^15V 



1.5 V 



I 

tpHZ j« H 
Output °» 



05V V 



3V 

51 to 1.5 V 

52 Open 

53 Closed 
0V 



-Vqh 



0V 



3V 

51 to 1.5 V 

52 Closed 

53 Closed 
0V 



VOH 



f „ 1.3 V 



Input 



Output 



v-- 3 V 

\, S1 to -1 

\ 1.5 V S2Clos< 

j\ S3 Oper 

I > 0V 



-1.5 V 
Closed 
Opened 



tpZL \4- 



tPLZ-+«— *j 



Output 



« 4.5 V 



1.5V 



input -/1.5 V \ 

-J \ 




vol 

3V 

51 to -1.5 V 

52 Closed 

53 Closed 
0V 



« 1.3 V 



VOLTAGE WAVEFORMS 

Figure 8. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 Q. 
B. C|_ includes probe and jig capacitance. 
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DIFFERENTIAL DRIVER AND RECEIVER PAIRS 
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Meet or Exceed the Requirements of ANSI 
Standards EIA/TIA-422-B, RS-485 and ITU 
Recommendation V.11 
Bus Voltage Range ... -7 V to 12 V 
Positive- and Negative-Current Limiting 
Driver Output Capability . . . 60 mA Max 
Driver Thermal-Shutdown Protection 
Receiver Input Impedance . . . 12 k£2 Min 
Receiver Input Sensitivity . . . ±200 mV 
Receiver Input Hysteresis . . . 50 mV Typ 
Operate From Single 5-V Supply 
Low Power Requirements 



description 



The SN751 79B is a differential driver and receiver 
pair are monolithic integrated devices designed 
for balanced transmission-line applications and 
meet ANSI Standards EIA/TIA-422-Band RS-485 
and ITU Recommendation V.11. They are 
designed to improve the performance of 
full-duplex data communications over long bus 
lines. 

The SN75179B driver output provides limiting for 
both positive and negative currents. The receiver 
features high input impedance, input hysteresis 
for increased noise immunity, and input sensitivity 
of ±200 mV over a common-mode input voltage 
range of -7 V to 1 2 V. The driver provides thermal 
shutdown for protection from line fault conditions. 
Thermal shutdown is designed to occur at a 
junction temperature of approximately 1 50°C. The 
SN751 79B is designed to drive current loads of up 
to 60 mA maximum. 

The SN75179B is characterized for operation 
from 0°C to 70°C. 



D OR P PACKAGE 
(TOP VIEW) 




GND[ 4 



Function Tables 

DRIVER 



INPUT 


OUTPUTS 


D 


Y Z 


H 


H L 


L 


L H 



RECEIVER 


DIFFERENTIAL INPUTS 


OUTPUT 


A-B 


R 


V|D>0.2V 


H 


-0.2 V<V|D< 0.2 V 


? 


V| D <-0.2V 


L 


Open 


? 



H = high level, L = low level, 
? = indeterminate 



logic symbolt 



■ 4- 

A 


7 




6 


5 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 



PRODUCTION DATA Information Is current as of publication date. « Copyright © 1995, Texas Instruments Incorporated 

- . „„„ . s of Texas Instruments -MA 

testing of ail parameters. W V TjEXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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schematics of inputs and outputs 



EQUIVALENT OF DRIVER INPUT 

vcc 



Input 




Driver input: R(©q) = 3 kQ NOM 
R (eq) = equivalent resistor 



EQUIVALENT OF EACH RECEIVER INPUT 

vcc — " 



960 Q 
NOM 



Input — vw- 



16.8 kQ 960Q 



NOM 



NOM 




m 



TYPICAL OF ALL DRIVER OUTPUTS 

- v cc 




Output 



GND 



TYPICAL OF ALL RECEIVER OUTPUTS 
-Vcc 




Output 



m 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc ( see Note 1) . 7 V 

Voltage range at any bus terminal -10 V to 15 V 

Differential input voltage, Vjd (see Note 2) ±25 V 

Continuous total dissipation — See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
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DISSIPATION RATING TABLE 



PACKAGE 


TA <, 25°C 


DERATING 


T A = 70°C 


T A = 85°C 


POWER RATING 


FACTOR 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


P 


lOOOmW 


8.0 mW/°C 


640 mW 


520 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


Driver 


2 


V 


Low-level input voltage, V||_ 


Driver 


0.8 


V 


Common-mode input voltage, Vic 


-7T 12 


V 


Differential input voltage, Vid 


±12 


V 


High-level output current, IrjH 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 
°C 


Receiver 


8 


Operating free-air temperature, T/\ 


0 70 



t The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode input 
voltage and threshold voltage. 
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DRIVER SECTION 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l| = -18mA 


-1.5 


V 


\/r\ Oi itni it v/nltsinp 
v (j vuifjui vuiiayo 


IO - u 


0 6 


V 


\/ *~\r\4 Differential cw itr»i it \/nlta/~ie» 
I VQjJj^ | L/Illelcl lUdl UUljJUl VUlldytJ 


IQ - U 


15 g 


v 


I \//^vr\nl niffprpntifll nutni it x/nltflnp 

I "1)1)^1 L-MMV5I wl llldl WUILI^Ul VVHClUv 


RL = 1 00 Q, See Figure 1 


1/2VOD1 
or 2t 


V 


Ri — 54 O $pp Finnrp 1 

III — v/*t ACj www 1 I^Ul W 9 


1.5 2.5 5 


V 


\/r^r\o Diffprflntial outnut voltanp 


See Note 3 


1.5 ' 5 


v 


i I Change in magnitude of common-mode 
AlVoDl output voltage! 




±0.2 


V 


Vqc Common-mode output voltage 


RL = 54 Q or 1 00 Q, See Figure 1 


3 
-1 


V 


^ v | Change in magnitude of common-mode 
00 output voltage§ 




±0.2 


V 


lO Output current 


Vgc = 0, Vo = -7Vto12V 


±100 


ma 


l|H High-level input current 


V| = 2.4 V 


20 


ma 


IjL Low-level input current 


Vj = 0.4 V 


-200 


liA 


Iqs Short-circuit output current 


V 0 = -7V 


-250 


mA 


Vq = Vcc or12V 


250 


Ice Supply current (total package) 


No load 


57 70 


mA 



t All typical values are at Vqc = 5 V and Ta = 25°C. 

$ The minimum Vqd2 with 1 00-Q load is either 1/2 Vqd2 or 2 v » whichever is greater. 

§ AIVqd' and AIVqc' are the changes in magnitude of Vqd and Vqc. respectively, that occur when the input changes from a high level to a low 

level. 

NOTE 3: See ANSI Standard RS-485, Figure 3.5, Test Termination Measurement 2. 



switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*d(OD) Differential output delay time 


R[_ = 54 Q, See Figure 3 


15 22 


ns 


tt(QD) Differential output transition time 


20 30 


ns 



Symbol Equivalents 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


v 0 


Voa.Vob 


V 0 a.V ob 


IVqdiI 


v 0 


v 0 


IV 0 D2l 


V t (Rl=100 Q) 


V t (RL = 54«) 


1VQD3' 




Vt (Test Termination Measurement 2) 


AIVqdI 


IIV t l-IV t l I 


llVtl-IVtJI 


voc 


IVosI 


IVosI 


AIVqcI 


IVos-Vosi 


IVos-Vosi 


'OS 


llsaUisb" 




lO 


UxaU'xbl 


'ia. <ib 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Vo = 2.7V, Iq = -0.4 mA 


0.2 


V 


V|j_ Negative-going input threshold voltage 


Vo - 0.5 V, lo = 8 mA 


-0.2* 


V 


V n ys Hysteresis voltage (V|j + - V|j-) 




50 


mV 


v OH High-level output voltage 


V|d = 200 mV, Ioh = - 400 nA, See Figure 2 


2.7 


V 


Vql Low-level output voltage 


V|d = -200 mV, Iql 88 8 mA . See Figure 2 


0.45 


V 


l| Line input current 


Other input at 0 V, See Note 4 


V| = 12 V 


1 


mA 


V| = -7V 


-0.8 


r; Input resistance 




12 


kft 


lOS Short-circuit output current 




-15 -85 


mA 


ICC Supply current (total package) 


No load 


57 70 


mA 



t All typical values are at Vrjc - 5 V, T A - 25°C. 

t The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode input 

voltage and threshold voltage levels only. 
NOTE 4: Refer to ANSI Standard EIA/TIA-422-B for exact conditions. 



switching characteristics, Vqc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low- to high-level output 


V|D« -1.5V to 1.5 V, 
CL«15pF, See Figure 4 


19 35 


ns 


tpHL Propagation delay time, high- to low-level output 


30 40 


ns 
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PARAMETER MEASUREMENT INFORMATION 



VQD2 



R L 

"ST 




Figure 1. Driver Vqd and Vqc 



||-«OH 

Figure 2. Receiver Vqh and Vql 




J_ C L = 50 pF 
(see Note B) 

Output 



Input 




*d(OD)-*| j«— -*| j«-td(OD) 

|> vj- «2.5V 

0ut P ut 50% j/ 90% %50% 

7f| 10% — —2.5V 

tt(OD) -H W- -N ^-t t (OD) 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Generator 
(see Note A) 






T 1.5 V 



Figure 3. Driver Test Circuit and Voltage Waveforms 

Input 



Cl = 50 pF 
(see Note B) 



Output 



tPLH -*| |«~ -*j h«- tpHL 
Output j f~ "\^3V 



VOH 

VOL 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, 
tf < 6 ns, Zq = 50 a 
B. C|_ includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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Figure 5 
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Figure 6 
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lO - Output Current - mA 

Figure 7 
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V|d - Differential Input Voltage - mV 

Figure 8 
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TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



x 

i 

X 

>° 



V| D = 0.2V 


















































































V 


CC = 5.25 V 

/ 1 1 


















y 


:5V 






























vcc 


/ 

= 4.7 


















5V " 
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lOH - Hlgh-Level Output Current - mA 

Figure 9 
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Ta - Free-Air Temperature - °C 

Figure 10 
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lOL - Low-Level Output Current - mA 

Figure 11 
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Figure 12 
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Designed for High-Speed Multipoint Data 
Transmission Over Long Cables 

Operate With Pulse Widths as Low 
as 30 ns 

Low Supply Current ... 5 mA Max 

Meets or Exceeds the Standard 
Requirements of ANSI RS-485 and ISO 
8482:1987(E) 

Common-Mode Voltage Range of -7 V 
to 12 V 

Positive- and Negative-Output Current 
Limiting 

Driver Thermal Shutdown Protection 
Pin Compatible With the SN75179B 



D OR P PACKAGE 
(TOP VIEW) 




Function Tables 

DRIVER 



INPUT 


OUTPUTS 


D 


Y Z 


H 


H L 


L 


L H 



RECEIVER 



DIFFERENTIAL INPUTS 


OUTPUT 


A-B 


R 


V| D >0.2V 


H 


-0.2 V<V|D< 0.2 V 


? 


V|D<-0.2V 


L 


Open circuit 


H 



H = high level, L = low level, 

? = indeterminate, Z = high impedance (off) 



logic symbolt 



2 


< 

JT 




8 


4- 


«— 

3 


s 6 


> 






5 





description 

The SN65LBC179 and SN75LBC179 differentia! 
driver and receiver pairs are monolithic integrated 
circuits designed for bidirectional data 
communication over long cables that take on the 
characteristics of transmission lines. They are 
balanced, or differential, voltage mode devices 
that meet or exceed the requirements of industry 
standards ANSI RS-485 and ISO 8482:1 987(E). 
Both devices are designed using Tl's proprietary 
LinBiCMOS™ with the low power consumption of 
CMOS and the precision and robustness of 
bipolar transistors in the same circuit. 

Both the SN65LBC179 and SN75LBC179 
combine a differential line driver and differential 
line receiver and operate from a single 5-V supply. 
The driver differential outputs and the receiver 
differential inputs are connected to separate 
terminals for full-duplex operation and are 
designed to present minimum loading to the bus 
when powered off (Vqc = 0). These parts feature 
a wide common-mode voltage range making them 
suitable for point-to-point or multipoint data bus 
applications. The devices also provide positive- 
and negative-current limiting and thermal 
shutdown for protection from line fault conditions. 
The line driver shuts down at a junction 
temperature of approximately 1 72°C, 

The SN65LBC179 and SN75LBC179 are available in the 8-pin dual-in-line and small-outline packages. The 
SN75LBC179 is characterized for operation over the commercial temperature range of 0°C to 70°C. The 
SN65LBC1 79 is characterized over the industrial temperature range of -40°C to 85°C. 



tlhis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 

logic diagram (positive logic) 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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schematics of inputs and outputs 



EQUIVALENT OF DRIVER INPUT 



Input 



I 



I 



22 



v cc 



JS 

I — 1 1 — I 



RECEIVER A INPUT 



vcc 



Input 



100 kQ 
NOM 



18k£J 
NOM 



12 kQ | 



3kQ 
NOM 



1.1 k£2 
NOM 




DRIVER OUTPUT 

v cc 



Output 



TYPICAL OF RECEIVER OUTPUT 

V CC 



<h- R Output 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.3 V to 7 V 

Voltage range at A, B, Y, or Z (see Note 1 ) -10 V to 15 V 

Voltage range at D or R (see Note 1) -0.3 V to 7 V 

Continuous total power dissipation (see Note 2) Internally limited 

Total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65LBC179 -40°C to 85°C 

SN75LBC179 0°Cto70°C 

Storage temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . All voltage values are with respect to GND. 

2. The maximum operating Junction temperature is internally limited. Uses the dissipation rating table to operate below this 
temperature. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 


DERATING FACTOR 


Ta = 70°C 


T A = 85°C 


POWER RATING 


ABOVE Ta - 25°C 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


P 


1100 mW 


8.8 mW/°C 


704 mW 


572 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


D 


2 


v 


Low-level input voltage, V||_ 


D 


0.8 


V 


Differential input voltage, V|d 




-6* 6 


V 


Voltage at any bus terminal (separately or common-mode), Vq, V|, or V|c 


A, B,Y,orZ 


-7 12 


V 


High-level output current, Ioh 


YorZ 


-60 


mA 


R 


-8 


Low-level output current, IrjL 


YorZ 


60 


mA 


R 


8 


Operating free-air temperature, Ta 


SN65LBC179 


-40 85 


°C 


SN75LBC179 


0 70 



t The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for differential 
input voltage, voltage at any bus terminal (separately or common mode), operating temperature, input threshold voltage, and common-mode 
output voltage. 
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DRIVER SECTION 



electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


l|=-18mA 


-1.5 


V 






R|_ = 54 Q, 


SN65LBC179 


1.1 


2.2 


5 




IVqd! 


Differential output voltage (see Note 3) 


See Figure 1 


SN75LBC179 


1.5 


2.2 


5 


V 


R_ = 60A 


SN65LBC179 


1.1 


2.2 


5 






See Figure 2 


SN75LBC179 


1.5 


2.2 


5 




AIVqdI 


Change in magnitude of differential 
output voltage (see Note 4) 


See Figures 1 and 2 


±0.2 


V 


voc 


Common-mode output voltage 






1 


2.5 


3 


v 


AIVqcI 


Change in magnitude of common-mode output 
voltage (see Note 4) 


RL = 54 ft, 


See Figure 1 


±0.2 


V 


"0 


Output current with power off 


vcc = o, 


Vo = ~7Vto12V 


±100 


ma 


"oz 


High-impedance-state output current 


Vo = -7Vto12V 


±100 


ma 


l|H 


High-level input current 


V| = 2.4 V 


-100 


ma 


i|L 


Low-level input current 


V| - 0.4 V 


-100 


ma 


tos 


Short-circuit output current 


-7V<cVq<12V 


±250 


mA 


*cc 


Supply current 


No load 




4.2 


5 


mA 



t All typical values are at Vrjc = 5 V and Ta = 25°C. 

NOTES: 3. The minimum Vqd specification of the SN65179 may not fully comply with ANSI RS-485 at operating temperatures below 0°C. 



System designers should take the possibly lower output signal into account in determining the maximum signal transmission 
distance. 

4. A I Vqd I and A I Vqc I are the changes in the steady-state magnitude of Vqd and Vqc» respectively, that occur when the input is 
changed from a high level to a low level. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


*d(OD) Differential-output delay time 


R|_ = 54 Q, See Figure 3 


7 18 


ns 


tt(QD) Differential transition time 


5 20 


ns 
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RECEIVER SECTION 

electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|j + Positive-going input threshold voltage 


lO = ~ 8 mA 


n o 
yj.c. 


V 


V|j_ Negative-going input threshold voltage 


lO = 8 mA 


-0.2 


V 


V n ys Hysteresis voltage (V|t + - V|t_) 




45 


mV 


Voh High-level output voltage 


V|D = 200 mV, Ioh = -8 mA 


3.5 4.5 


V 


Vol Low-level output voltage 


V|D=-200mV, loL = 16mA 


0.3 0.5 


V 


1 1 Bus input current 


V| = 12V, Vcc = 5V, 
Other inputs at 0 V 


0.7 1 


mA 


V| = 12V, Vcc = 0V, 
Other inputs at 0 V 


0.8 1 


V| = -7 V, Vcc = 5 V, 
Other inputs at 0 V 


-0.5 -0.8 


V| = -7V, Vcc = 0V, 
Other inputs at 0 V 


-0.5 -0.8 


switching characteristics, Vqc = 5 V, Ta = 25°C 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpHL Propagation delay time, high- to low-level output 




15 30 


ns 


tPLH Propagation delay time, low- to high-level output 


V|D = -1 .5 V to 1 .5 V, See Figure 4 


15 30 


ns 


tsk(p) Pu| se skew ( I t PH L - tpi_H I ) 




3 6 


ns 


Transition time 


See Figure 4 


3 5 


ns 



PARAMETER MEASUREMENT INFORMATION 



T 

voc 

1 

Figure 1. Differential and Common-Mode Output Voltage Test Circuit 



Y 



0Vor3V 
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PARAMETER MEASUREMENT INFORMATION 

Vtest 



R1 

375 £2 



0Vor3V 



R L = 60 Q Vqd 



-7V<V tes t<12V 



R2 

375 Q 



Vtest 



Generator 
(see Note A) 



50 £2 



Figure 2. Differential Output Voltage Test Circuit 



RL = 54 Q 



Input 



5 V 



3V 



0V 



C L = 50pF output 
(see Note B) . 



N-td(ODL) 

«2.5V 



*d(ODH)— *| 14- " 

Outpu t 50% ^ ~lH^50% 

I I I I 

t t (QD) , |4- — *\ |4- *t(OD) 



2.5 V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Driver Test Circuits and Differential Output Delay and Transition Time Voltage Waveforms 



3V 



Generator 
(see Note A) 


A 




! 50 £2 b 


< 


I 1 ' 5V C 









C L = 15pFr^ 
(see Note B) 



Input /■ 1.5 V \1.5V 

Output tpLH -j4-frl M— tpHL 



0V 



90% 

Output 1.3 V 

10% 



)%|/ 90% 



U — v ° h 

1.3 V 




■tt-n K- -M h< — t t 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Receiver Test Circuit and Propagation Delay and Transition Time Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR > 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50 a 
B. C|_ includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Figure 11 
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OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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TYPICAL CHARACTERISTICS 
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D OR N PACKAGE 
(TOP VIEW) 




NC-No internal connection 

Function Tables 

DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



RECEIVER 



» Meets or Exceeds the Requirements of 
ANSI Standard EIA/TIA-422-B and RS-485t 
and ITU Recommendation V.11 

• High-Speed Advanced Low-Power Schottky 
Circuitry 

• Designed for 25-MBaud Operation in Both 
Serial and Parallel Applications 

• Low Skew Between Devices . . . 6 ns Max 

• Low Supply-Current Requirements 
30 mA Max 

• Individual Driver and Receiver I/O Pins With 
Dual Vqc and Dual GND 

• Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

• Driver Output Capacity . . . ±60 mA 

• Thermal Shutdown Protection 

• Driver Positive- and Negative-Current 
Limiting 

• Receiver Input Impedance . . . 12 kQ Min 

• Receiver Input Sensitivity . . . ±200 mV Max 

• Receiver Input Hysteresis . . . 60 mV Typ 

• Operate From a Single 5-V Supply 

• Glitch-Free Power-Up and Power-Down 
Protection 

description 

The SN65ALS1 80 and SN75ALS1 80 differential 
driver and receiver pairs are monolithic 
integrated circuits designed for bidirectional data 
communication on multipoint bus-transmission 
lines. They are designed for balanced 
transmission lines and meet ANSI Standards 
EIA/TIA-422-B and RS-485 and ITU 
Recommendation V. 1 1 . 

The SN65ALS1 80 and SN75ALS1 80 combine a 
3-state differential line driver and a differential 
input line receiver, both of which operate from a 
single 5-V power supply. The driver and receiver 
have active-high and active-low enables, 
respectively, which can be externally connected 
together to function as a direction control. The 
driver differential outputs and the receiver 
differential inputs are connected to separate 
terminals for greater flexibility and are designed 
to offer minimum loading to the bus when the 
driver is disabled or V<x = 0. 

t These devices meet or exceed the requirements of ANSI RS-485 except for the Generator Contention Test (para. 3.4.2) and the Generator 
Current Limit (para. 3.4.3). The applied test voltage ranges are -6 V to 8 V for the SN75ALS1 80 and -4.5 V to 8 V for the SN65ALS1 80. 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
RE 


OUTPUT 
R 


V|D>0.2V 


L 


H 


-0.2 V<V|D< 0.2 V 


L 


? 


V|D<-0.2V 


• L 


L 


X 


H 


Z 


Open 


L 


H 



H = high level, L= low level, ? - indeterminate, X * irrelevant, Z = high 
impedance (off) 



logic symbol* 



DE 
D 

RE 
R 



4 


EN1 > 1 V 
1 V 


9 


5 


S 10 


3 IS 


12 


- < * 

V2 




2 

4— 


A 11 







Y 
Z 

A 
B 



+ This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 



DE 



RE ^ 



10 



Y 
Z 

A 
B 
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description (continued) 

These ports feature wide positive and negative common-mode voltage ranges making the device suitable for 
party-line applications. 

The SN65ALS180 is characterized for operation from -40°C to 85°C. The SN75ALS180 is characterized 
for operation from 0°C to 70°C. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 

Input 




Driver and Driver Enable Inputs: R( e q) = 12 kQ NOM 
Receiver Enable Input: R(eq) = 30 kQ NOM 
R(eq) = equivalent resistor 



RECEIVER A INPUT 

vcc-? 



Input - 



180 kQ 
NOM 



18 kQ 
NOM 



3kQ 
NOM 



1.1 kQ 
NOM 



RECEIVER B INPUT 
V CC 



5 3kQ 



18 kQ 
NOM 



Input 



180 kQ* 
NOM < 



NOM 



1.1 kQ 
NOM 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Voltage range at any bus terminal -10V to 15V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65ALS180 -40°Cto85°C 

SN75ALS180 0°Cto70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
736 mW 


494 mW 
598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), V| or Vic 


12 
-7 


V 


High-level input voltage, V|h 


D, DE, and RE 


2 


V 


Low-level input voltage, V|i_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|q (see Note 2) 


±12 


V 


High-level output current, Iqh 


Driver 


-60 


mA 


Receiver 


-400 


jiA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


SN65ALS180 


-40 85 


°C 


SN75ALS180 


0 70 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A/Y with respect to the inverting terminal B/Z. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYP* MAX 


UNIT 


V| k I nput clamp voltage 


l| =-18 mA 


-1.5 


V 


Vo Output voltage 


io = o 


0 6 


V 


I VoD1 I Differential output voltage 


io = o 


1.5 6 


V 


I Vqd2 1 Differential output voltage 


R|_ = 100ft, See Figure 1 


1/2VQD1 
or2§ 


V 


Rj_ = 54 ft, See Figure 1 


.1.5 2.5 5 


VOD3 Differential output voltage 


Vtest - - 7 V to 1 2 V, See Figure 2 


1.5 5 


V 


.... . Change in magnitude of differential 
A,V OD' output voltage 1f 


R|_ = 54 Q or 100 ft, See Figure 1 




V 


v OC Common-mode output voltage 


3 
_ ^ 


V 


^ v ( Change in magnitude of 

common-mode output voltage^ 


±0.2 


V 


lo Output current 


Output disabled, 
See Note 3 


Vo=12V 


1 


mA 


V 0 --7V 


-0.8 


l|H High-level input current 


V| = 2.4 V 


20 


MA 


If l_ Low-level input current 


V| = 0.4V 


-400 


ma 


Iqs Short-circuit output current* 


Vo = -6 V 


SN75ALS180 


-250 


mA 


V 0 = -4 V 


SN65ALS180 


v 0 = o 


All 


-150 


v 0 = v C c 


All 




V 0 = 8V 


All 


'CC Supply current 


No load 


Driver outputs enabled, 
Receiver disabled 


25 30 


mA 


Outputs disabled 


19 26 



t The power-off measurement in ANSI Standard EIA/TIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs. 
$ All typical values are at Vcc = 5 V, Ta = 25°C. 

§The minimum Vqd2 w ' tn 100-Q load is either 1/2 VqD2 or 2 V, whichever is greater. 

H A I Vod I anc * A ' v OC 1 are tne changes in magnitude of Vod and v OC» respectively, that occur when the input is changed from a high level to 
a low level. 

# Duration of the short circuit should not exceed one second for this test. 

NOTE 3: This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. The EIA/TIA-422-B limit does not apply for 
a combined driver and receiver terminal. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


td(OD) 


Differential output delay time 




3 


8 


13 


ns 


Pulse skew ( | td(ODH) - kl(ODL) 1 ) 


R|_ = 54 Q, C|_ = 50 pF, See Figure 3 




1 


6 


ns 


*t(OD) 


Differential output transition time 




3 


8 


13 


ns 


tPZH 


Output enable time to high level 


R|_= 110 ft, See Figure 4 




23 


50 


ns 


tpZL 


Output enable time to low level 


R|_ = 110 See Figure 5 




19 


24 


ns 


tPHZ 


Output disable time from high level 


RL= 110 ft, See Figure 4 




8 


13 


ns 


tPLZ 


Output disable time from low level 


R|_- 110 ft, See Figure 5 




8 


13 


ns 



$ All typical values are at Vcc = 5 V and Ta = 25°C. 
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SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


vo 


V 0 a. v ob 


V 0 a. V 0 b 


I V 0 D1 I 


v 0 


v 0 


I VOD2 I 


V t (RL=100 Q) 


Vt (RL - 54 Q) 


I VOD3 I 




Vt (test termination 
measurement 2) 


Vtest 




Vtst 


A I V 0 D I 


II V t l-l V t 1 1 


II V t l-l V t ll 


voc 


IVos" 


IVos" 


A I V 0 C I 


IVos-VosI 


IVos-VosI 


bs 


I >sa 1. 1 Isb I 




io 


HxaMlxbl 


•ia- <ib 



RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|T + Positive-going input threshold voltage 


Vo = 2.7V, Iq = -0.4 mA 


0.2 


V 


V|T_ Negative-going input threshold voltage 


Vo = 0.5V, lo = 8mA 


-0.2* 


V 


v hys Hysteresis voltage (V|j + - V|t-) 




60 


mV 


V|k Enable-input clamp voltage 


l| =-18mA 


-1.5 


V 


VOH High-level output voltage 


V|D = -200 mV, Iqh = -400 \\A, 
See Figure 6 


2.7 


V 


Vol Low-level output voltage 


V|D = -200mV, loL = 8mA, 
See Figure 6 


0.45 


V 


'OZ High-impedance-state output current 


Vq = 0.4 V to 2.4 V 


±20 


HA 


1 1 Line input current 


Other input = 0 V, 
See Note 4 


V| = 12V 


1 


mA 


V|=-7V 


-0.8 


l|H High-level enable-input current 


V|H = 2.7V 


20 


liA 


1 1 1_ Low-level enable-input current 


V| L = 0.4V 


-100 


HA 


r; Input resistance 




12 


kQ 


lOS Short-circuit output current 


V|D = 200mV, V O = 0 


-15 -85 


mA 


'CC Supply current 


No load 


Receiver outputs enabled, 
Driver inputs disabled 


19 30 


mA 


Outputs disabled 


19 26 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t- The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 4: This applies for both power on and power off. Refer to ANSI Standard RS-485 for exact conditions. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


V|D = -1.5 V to 1.5 V, 
See Figure 7 


C|_ = 15pF, 


9 


14 


19 


ns 


tPHL 


Propagation delay time, high- to low-level output 


9 


14 


19 


ns 


Skew (| tpHL-tpLHl) 






2 


6 


ns 


tPZH 


Output enable time to high level 








7 


14 


ns 


tPZL 


Output enable time to low level 


C[_=15pF, 


See Figure 8 




7 


14 


ns 


tPHZ 


Output disable time from high level 




20 


35 


ns 


tPLZ 


Output disable time from low level 








8 


17 


ns 



t All typical values are at Vqc - 5 V, Ta = 25°C. 



PARAMETER MEASUREMENT INFORMATION 



VQD2 



_Rl 

2 



2 V 0 C 

1 



Figure 1. Driver Vqd and Vqc 



INH t 

^> V OD3 



375 Q 

— A/W-1 



60 Q 



■AAAr 1 



375 Q 

Figure 2. Driver Vqd3 



1 




R L = 54 Q 



^ Cl = 50 pF 
(see Note B) 



Output 



TEST CIRCUIT 



Input / 1.5 V \l 

1 I 1 
td(ODH) — H \+ 



— 3V 



1.5 V 



0V 



N- *d(ODL) 
-I «2.5V 



'J JkP ~ C.O V 

Output 50%/| 90% j\ 50% 

-Jf .10% V- —2.5 V 

| I I | 

tt(OD) |<- ->| t t (OD) 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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0 V or 3 V 



PARAMETER MEASUREMENT INFORMATION 

Output 



Generator 
(see Note A) 




Cl = 50 f 
(see Note E 



: 50 Ci 



jt y|^5V ^5V^ 



pF k RL 

B, l 1 



Input / 1.5 V 1.5 V 

.-110Q H-H-tpzH 

Output 



0.5 V 

A. 



3V 
0V 

VOH 



2.3 V 

tpHZ~N k^-Voff^OV 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Voltage Waveforms 



0Vor3V 



Generator 
(see Note A) 




0 O 



5V 

| RL = 110Q 
f — Output 



3V 



;50Q 



Cl = 50 pF 
(see Note B) 



Input 



tpZL \4 »j 



,ov 



i ! 



W *h *PLZ 



Output 



"N ^2.3V 



5V 
0.5 V 



vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 5. Driver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo - 50 CI 
B. C|_ includes probe and jig capacitance. 



i_ 



T 




T ^t + l 0L -IQH 



T 

VOH 



vol 



Figure 6. Receiver Vqh and V 0 l 
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Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Output 



;51 CI 



1.5 V 



OV 



C L = 15pF- 
(see Note B) 



— 3 V 




TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 7. Receiver Test Circuit and Voltage Waveforms 



1.5 V 
-1.5 V 



Generator 
(see Note A) 



C L = 15 pF k 5kQ 
(see Note B) ? 



: 50 Q 



1N916or Equivalent 



S3 



Input 



Output 



Input 



tpZH 



TEST CIRCUIT 
— 3V 

S1 to 1.5 V 
1.5 V S2 0pen 
S3 Closed 
| >— 0V 



Input 




' -VOH 

1.5 V 

' OV 



Output 



/ 




1.5 V 



V 3V 



OV 



tPHZ H 



Output 



-* i 1 / V OH 

0.5V \| / 

"f~A Z , 



51 to 1.5 V 

52 Closed 

53 Closed 



Input 



1.5 V 



3V 

1.5 V 

S1 to -1.5 V 
OV S2 Closed 
J l. S3 Open 

tpzL— *j k— 

— \-f — ' «4.5V 

\ 1.5 V 

N vol 

V 3V 

51 to-1.5V 

52 Closed 
ov $3 Closed 



,3 V 



tpLZ— 
Outp ut J ^0.l 



5 V 



-1.3 V 

vol 



VOLTAGE WAVEFORMS 



Figure 8. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50Q. 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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Figure 10 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Figure 16 



Figure 17 



SN65ALS180 
SN75ALS180 



APPLICATION INFORMATION 



OPE 



Rt 



6 _Q 



SN65ALS180 
SN75ALS180 



W- 

x>- 

/ \ \V Transceivers W / \ 

r I ••• I \ 

NOTE A. The line should be terminated at both ends in its characteristic impedance (Rj = Zo). Stub lengths off the main line should be kept as 
short as possible. 



Figure 18. Typical Application Circuit 
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• Designed for High-Speed Multipoint Data 
Transmission Over Long Cables 

• Operate With Pulse Durations as Low 
as 30 ns 

• Low Supply Current . . . 5 mA Max 

• Meet or Exceed the Requirements of ANSI 
Standard RS-485 and ISO 8482: 1987(E) 

• 3-State Outputs for Party-Line Buses 

• Common-Mode Voltage Range of -7 V to 12 V 

• Thermal Shutdown Protection Prevents 
Driver Damage From Bus Contention 

• Positive and Negative Output Current 
Limiting 

• Pin Compatible With the SN75ALS180 

description 

The SN65LBC180 and SN75LBC180 differential 
driver and receiver pairs are monolithic integrated 
circuits designed for bidirectional data 
communication over long cables that take on the 
characteristics of transmission lines. They are 
balanced, or differential, voltage mode devices 
that meet or exceed the requirements of industry 
standards ANSI RS-485 and ISO 8482:1 987(E). 
Both devices are designed using Tl's proprietary 
LinBiCMOS™ with the low power consumption of 
CMOS and the precision and robustness of 
bipolar transistors in the same circuit. 

Both the SN65LBC180 and SN75LBC180 
combine a differential line driver and receiver with 
3-state outputs and operate from a single 5-V 
supply. The driver and receiver have active-high 
and active-low enables, respectively, which can 
be externally connected to function as a direction 
control. The driver differential outputs and the 
receiver differential inputs are connected to 
separate terminals for full-duplex operation and 
are designed to present minimum loading to the 
bus whether disabled or powered off (Vcc = 0)- 
These parts feature a wide common-mode 
voltage range making them suitable for 
point-to-point or multipoint data-bus applications. 



D OR N PACKAGE 
(TOP VIEW) 




NC-No internal connection 
Function Tables 

DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



RECEIVER 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
RE 


OUTPUT 
R 


V| D ^0.2V 


L 


H 


-0.2 V<V| D < 0.2 V 


L 


? 


V|D<-0.2V 


L 


L 


X 


H 


Z 


Open circuit 


L 


H 



H - high level, L « low level, ? - indeterminate, X = irrelevant, 
Z = high impedance (off) 



logic symbolt 



DE 
D 

RE 
R 



4 


EN1 > 1 V 
1 V 


9 


5 


S 10 


3 IS 


12 


EN2 < 

V2 




2 

4— 


—< 







tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 



DE 



3 

RE 





10 




12 


. 11 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as of publication data. » _ Copyright © 1995, Texas Instruments Incorporated 

J . Texas Instrunr- — 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description (continued) 

The devices also provide positive and negative output-current limiting and thermal shutdown for protection from 
line fault conditions. The line driver shuts down at a junction temperature of approximately 1 72°C. 

The SN65LBC180 and SN75LBC180 are available in the 14-pin dual-in-line and small-outline packages. The 
SN75LBC180 is characterized for operation over the commercial temperature range of 0°C to 70°C. The 
SN65LBC1 80 is characterized over the industrial temperature range of -40°C to 85°C. 

schematics of inputs and outputs 



EQUIVALENT OF D, DE, AND RE INPUTS 



Input 



« — wv- 



• — ♦ 



22 kQ 



li li 



v cc 



> 

l — 1 1 — i 



RECEIVER A INPUT 



Input 




RECEIVER B INPUT 
V CC 



DRIVER OUTPUT 



18 

NOM 



Input 



100 kQ 
NOM 



12 kQ 



3kD 
NOM 



1.1 kQ 
NOM 




TYPICAL OF RECEIVER OUTPUT 

-—vcc 



Output 



A Output 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) -0.3 V to 7 V 

Input voltage range, V| (A, B)(see Note 1 ) - 1 0 V to 1 5 V 

Input voltage range, V| (DE, RE, D, or R)(see Note 1) -0.3 V to 7 V 

Continuous total power dissipation (see Note 2) internally limited 

Total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65LBC180 -40°Cto85°C 

SN75LBC180 0°Cto70°C 

Storage temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to GND. 

2. The maximum operating junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 



DISSIPATION RATING TABLE 





T A < 25°C 


DERATING FACTOR 


Ta = 70°C 


T A = 85°C 


PACKAGE 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


POWER RATING 


D 


950 mW 


7.6mW/°C 


608 mW 


494 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


High-level input voltage, V | h 


D, DE, and RE 


2 


V 


Low-level input voltage, V|i_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|d 




-6* 6 


V 


Voltage at any bus terminal (separately or common mode), Vq, V|, or V|q 


A, B, Y, or Z 


-it 12 


V 


High-level output current, Iqh 


YorZ 


-60 


mA 


R 


-8 


Low-level output current, Iql 


YorZ 


60 


mA 


R 


8 


Operating free-air temperature, T A 


SN65LBC180 


-40 85 


°C 


SN75LBC180 


0 70 



t The algebraic convention where the least positive (more negative) limit is designated minimum, is used in this data sheet for the differential input 
voltage, voltage at any bus terminal, operating temperature, input threshold voltage, and common-mode output voltage. 
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DRIVER SECTION 



electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|K 


Input clamp voltage 


l| = -18mA 


-1.5 


V 






R L = 54 Q, 


SN65LBC180 


1.1 


2.5 


5 




IVoDl 


Differential output voltage magnitude 


See Figure 1 


SN75LBC180 


1.5 


2.5 


5 


V 


(see Note 3) 


RL = 60 Q, 


SN65LBC180 


1.1 


2 


5 






See Figure 2 


SN75LBC180 


1.5 


* 2 


5 




Al V 0 D I 


Change in magnitude of differential output 
voltage (see Note 4) 


See Figures 1 and 2 


±0.2 


V 


voc 


Common-mode output voltage 






1 


2.5 


3 


V 


Al Vqc I 


Change in magnitude of common-mode output 
voltage (see Note 4) 


R|_ = 54 Q, 


See Figure 1 


±0.2 


V 


'0 


Output current with power off 


v<x = o> 


VQ = -7Vto12V 


±100 


uA 


"OZ 


High-impedance-state output current 


Vo = -7Vto12V 


±100 


MA 


l|H 


High-level input current 


V| = 2.4 V 


-100 


MA 


IlL 


Low-level input current 


V| = 0.4V 


-100 


uA 


'OS 


Short-circuit output current 


-7V<Vq<12V 


±250 


mA 


'cc 


Supply current 


Receiver disabled 


Outputs enabled 


5 


mA 


Outputs disabled 


3 



t M typical values are at Vcc = 5 V and Ta = 25°C. 

NOTES: 3. The minimum Vqd specification of the SN65LBC1 80 may not fully comply with ANSI RS-485 at operating temperatures below 0°C. 



System designers should take the possibly lower output signal into account in determining the maximum signal-transmission 
distance. 

4. A I Vqd 1 and A I Vqc • are tn © changes in the steady-state magnitude of Vqd and v OC> respectively, that occur when the input is 
changed from a high level to a low level. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*d(OD) Differential output delay time 


Rl_ = 54Q, See Figure 3 


7 12 18 


ns 


k(OD) Differential output transition time 


5 10 20 


ns 


*PZH Output enable time to high level 


Rl_=110a, See Figure 4 


35 


ns 


l PZL Output enable time to low level 


R|_=110£2, See Figure 5 


35 


ns 


tPHZ Output disable time from high level 


R[_= 110 Q, See Figure 4 


50 


ns 


tPLZ Output disable time from low level 


R|_ = 110 Q, See Figure 5 


35 


ns 
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RECEIVER SECTION 

electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Iq - ~8 m A 




V 


V|-r_ Negative-going input threshold voltage 


lO = 8 mA 


-0.2 


V 


v hys Hysteresis voltage (V|t+ - V|j_) 




45 


mV 


V|k Enable-input clamp voltage 


l| = -18mA 


-1.5 


V 


v OH High-level output voltage 


V|D = 200mV, loH'-SroA 


3.5 4.5 


V 


Vol Low-level output voltage 


V|d = -200 mV, Iol = 8 mA 


0.3 0.5 


V 


lOZ High-impedance-state output current 


V O = 0VtoV C C 


±20 


MA 


1 1 h High-level enable-input current 


V|H = 2.4 V 


-50 


ma 


l|l_ Low-level enable-input current 


V|l = 0.4V 


-100 


jiA 


1 1 Bus input current 


V| = 12V, Vcc = 5V, 
Other input at 0 V 


0.7 1 


mA 


V| = 12V, Vcc = 0V, 
Other input at 0 V 


0.8 1 


V| = -7V, Vcc = 5V, 
Other input at 0 V 


-0.5 -0.8 


V| = -7 V, V C c = 0 V, 
Other input at 0 V 


-0.5 -0.8 


ICC Supply current 


Driver disabled 


Outputs enabled 


5 


mA 


Outputs disabled 


3 



switching characteristics, Vqq = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpHL Propagation delay time, high- to low-level output 


V iD = -1 .5 V to 1 .5 V, See Figure 6 


11 22 33 


ns 


tpi_H Propagation delay time, low- to high-level output 


11 22 33 


ns 


*sk(p) Pulse skew ( | t PH L - tp|_H I ) 


3 6 


ns 


tt Transition time 


5 8 


ns 


tpZH Output enable time to high level 


See Figure 7 


35 


ns 


tpZL Output enable time to low level 


30 


ns 


tPHZ Output disable time from high level 


35 


ns 


tp|_z Output disable time from low level 


30 


ns 
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PARAMETER MEASUREMENT INFORMATION 



0Vor3V 




VOD 



:-5l 

2 



:_Rl 

2 



voc 



DEat3V z 

Figure 1. Differential and Common-Mode Output Voltages 

Vtest -7V<V tes t<12V 
R1 

375 Q 



0 Vor3V 



R L = 60 Q < Vqd 



DE at3V 



R2 

375 Q 



v test 

Figure 2. Driver Vqd Test Circuit 







Generator 
(see Note A) 


isofl 




RL = 54Q 



Input 



. Cl = 50 pF 

-(seeNoteB, — -r 

Output output t ffZJ[ 

4 z T I 



td(OD) — ►! 



DE at3V 



90% 



3 V 

1.5 V 
| ^ 0 V 

1 |4- td(OD) 
«2.5V 



TEST CIRCUIT 



^50% 
I \3S» «-2.5V 

' 1 J ' 

tt(OD) -H .K- ~M K" t t (OD) 

VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR > 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50Q. 
B. Cl includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Differential Output Delay and Transition Time Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



0Vor3V 



Generator 
(see Note A) 




Input 

: 50 Q 



DE 



Cl = 50 pF '< 
(see Note B) 



Output 



RL = 110Q 



Input 



I.5V 1.5 V 
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Output 



2.3 V 
tPHZ 



0.5 V 

4. 



3V 
0V 

VOH 
Voff-0 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Test Circuit and Enable and Disable Time Waveforms 



5V 



0Vor3V 



Generator 
(see Note A) 



1 DE Cl = 50 pF 7p 

Input (see Note B) 



R L = 110Q ,n P ut 



>50Q 



Output 



it jf 1.5 V ^ 15V 



tPZL" 



H — tPLZ 



3V 
, 0V 



Output 



5V 
0.5 V 



\2.3V _£ £~° 

^ V OL 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 5. Driver Test Circuit and Enable and Disable Time Voltage Waveforms 





Input 


A 


Generator 


! 

| 50 Q 




(see Note A) 


B 


1 1.5V - 





3> 

q^ORE 



/ sr— 3V 

Input * 1.5 V \ 1 " 5V 

— / 1 |\— ov 



ov 



C L = 15pF- 
(see Note B) 



Output 



tPLH-n<-*j 



K+Hphl 



■ I d ' l_ 

90% i/ 5o%vr 

Output 1.3 | |\ 

I I II 

t t -i<->) t t -hO| 



V 0H 

! - vol 



tt -|4-*| t t 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 6. Receiver Test Circuit and Propagation Delay Time Voltage Waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zo = 50 Cl 
B. Cl includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION 
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VOLTAGE WAVEFORMS 

Figure 7. Receiver Output Enable and Disable Times 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf £ 6 ns, 
Zo = 50a 
B. Cl includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 
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Figure 9 
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Figure 10 
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Figure 11 
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TYPICAL CHARACTERISTICS 
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Figure 14 



Figure 15 
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TYPICAL CHARACTERISTICS 
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Figure 16 
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Figure 17 



100 M 



RECEIVER 
BUS INPUT CURRENT 
vs 

INPUT VOLTAGE 
(COMPLEMENTARY INPUT AT 0 V) 





1 




0.8 




0.6 


< 




E 




i 


0.4 


i 


0.2 


3 




o 




S 


0 


a 




c 


-0.2 


» 




3 
CD 

I 


-0.4 




-0.6 




-0.8 




-1 




7 The shaded region of this graph represents 
/ more than 1 unit load per RS-485. 
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APPLICATION INFORMATION 



SN65LBC180 
SN75LBC180 



:Rt 



SN65LBC180 
SN75LBC180 



*^\/ Unit Loads 

NOTE A. The line should be terminated at both ends in its characteristic impedance (R j = Zq). Stub lengths off the main line should be kept as 
short as possible. One SN75LBC1 80 typically represents less than one unit load. 



Figure 20. Typical Application Circuit 
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Single 5-V Supply 
Differential Line Operation 
Dual Channels 
TTL Compatibility 

±15-V Common-Mode Input Voltage Range 
±15-V Differential Input Voltage Range 
Individual Channel Strobes 
Built-in Optional Line-Termination Resistor 
Individual Frequency Response Controls 
Designed for Use With Dual Differential 
Drivers SN55183 and SN75183 

Designed to Be Interchangeable With 
National Semiconductor DS7820A and 
DS8820A 



description 

The DS8820A, SN55182, and SN75182 dual 
differential line receivers are designed to sense 
small differential signals in the presence of large 
common-mode noise. These devices give TTL- 
compatible output signals as a function of the 
polarity of the differential input voltage. The 
frequency response of each channel may be 
easily controlled by a single external capacitor to 
provide immunity to differential noise spikes. The 



SN55182 ... J OR W PACKAGE 
DS8820A, SN75182 . . . D OR N PACKAGE 
(TOP VIEW) 

TT 

14 J V C C 
13 ] 2IN- 
12 ] 2Rj 
11 ]2IN + 
10]2STRB 
9 ] 2RTC 
8 ] 20UT 




1STRB[ 
1RTC[ 
10UT[ 
GND[ 



SN55182 . . . FK PACKAGE 
(TOP VIEW) 



1IN+ ]4 
NC ] 5 
1STRB ]6 
NC ]7 
1RTC ] 8 



08? 

Z ¥ CM 

LJLJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 2R T 
17[ NC 
16[ 2IN + 
15[ NC 
14 [ 2STRB 



NC 



2 z z 3 b 

r- ^ CM CM 

- No internal connection 



output goes to a high level when the inputs are open circuited. A strobe input is provided which, when in the low 
level, disables the receiver and forces the output to a high level. 

The receiver is of monolithic single-chip construction, and both halves of the dual circuits use common power 
supply and ground terminals. 

The SN55182 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
DS8820A and SN751 82 are characterized for operation from 0°C to 70°C. 



logic symbolt 



logic diagram (positive logic) 



1STRB 




10UT 



20UT 




10UT 



20UT 



2STRB 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 61 7-1 2. 
Pin numbers shown are for the D, J, N, and W packages. 



production data information is current as of publication data. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 



standard warranty. Production processing does not necessarily Include 
testing of all p. ' — 
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schematic (each receiver) 



RTC 
5,9 



167 Q 



4.15 kQ 



5kQ i 



IN+- 



3,11 



5kQ : 



170 Q 



2,12 



5kQ 



M kQ 



-AAAr- 
1 kQ 



-AAAr 
1 kQ 



; 167 a 



167 Q 



IN- 



1,13 



-WV- 
5 kQ 



3 kQ 



1.5 kQ 



1.5 kQ 



750 Q 



4,10 



Resistor values shown are nominal. 

Pin numbers shown are for the D, J, N, and W 



STRB 



FUNCTION TABLE 



STRB 


V|D 


OUT 


L 


X 


H 


H 


H 


H 


H 


L 


L 



H = Vj > V|h min or Vjd more positive 

than V th max 
L = V| < V|[_ max or Vjd more negative 

than Vjl max 
X = irrelevant 



14 



vcc 



* — £ 



> 320 Q 
6,8 



OUT 



GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55182 


DS8820A 
SN75182 


UNIT 


Supply voltage, Vrjc (see Note 1 ) 


8 


8 


V 


Common-mode input voltage, V|c 


±20 


±20 


V 


Differential input voltage, V|d (see Note 2) 


±20 


±20 


V 


Strobe input voltage, V|(STROB) 


8 


8 


V 


Output sink current 


50 


50 


mA 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0to70 


°C 


Storage temperature range, T stg 


-65 to 150 


-65 to 150 


°C 


Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds: D or N package 




260 


°C 


Case temperature for 60 seconds, T c : FK package 


260 




°C 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J or W package 


300 


300 


°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . All voltage values, except differential voltages, are with respect to network ground terminal. 



2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 



DISSIPATION RATING TABLE 


PACKAGE 


T A <25°C DERATING FACTOR T A = 70°C 
POWER RATING ABOVE T A = 25°C POWER RATING 


T A = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK* 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


J* 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W* 


1000mW 


8.0 mW/°C 


640 mW 


200 mW 



$ In the FK, J, and W packages, SN55182 chips are alloy mounted. 



recommended operating conditions 





SN55182 


DS8820A, SN75182 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.5 5 5.5 


V 


Common-mode input voltage, Vic 


±15 


±15 


V 


High-level strobe input voltage, Vm(STRB) 


2.1 5.5 


2.1 5.5 


V 


Low-level strobe input voltage, V||_(STRB) 


0 0.9 


0 0.9 


V 


High-level output current, Ioh 


-400 


-400 


MA 


Low-level output current, Iol 


16 


16 


mA 


Operating free-air temperature, T A 


-55 125 


0 70 


°C 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-659 



DS8820A, SN55182, SN75182 

DUAL DIFFERENTIAL LINE RECEIVERS 

SLLS092B - OCTOBER 1972 - REVISED MAY 1995 



electrical characteristics over recommended ranges of Vqci Vic, and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN 


TYP* 


MAX 


UNIT 


V|T + 


Positive-going input threshold voltage 


V 0 = 2.5V, 


V| C = -3Vto3V 


0.5 


V 


Iqh = -400 \iA 


V|c = -15Vto15V 


1 


V|T- 


Negative-going input threshold voltage 


Vo = 0.4 V, 


V| C = -3Vto3V 


-0.5 


V 


Iql= 16 mA 


V|c = -15Vto15V 


-1 


VOH 


High-level output voltage 




V| D = 1 V, 
IqH = -400mA 


V(STRB) = 2.1 V, 


2.5 


4.2 


5.5 


V 




V| D = -1 V, 
Iqh = -400 uA 


V(STRB) = 0.4V, 


2.5 


4.2 


5.5 


vol 


Low-level output voltage 




V| D = -1 V 
IOL=16mA 


V(STRB) - 2.1 V, 




0.25 


0.4 


v 








V| C - 15 V 




3 


4.2 








Inverting input 


V|C-0 




0 


-0.5 


mA 




Input current 




V|c = -15V 




-3 


-4.2 






V|c = 15V 




5 


7 








Noninverting input 


V| C = 0 




-1 


-1.4 


mA 








V| C = -15V 




-7 


-9.8 




'lH(STRB) 


High-level strobe input current 


V(STRB) = 5.5 V 


5 


HA 


'IL(STRB) 


Low-level strobe input current 


V(STRB) = n 




-1 


-1.4 


mA 




Input resistance 


Inverting input 




3.6 


5 




kQ 


n 


Noninverting input 




1.8 


2.5 




kQ 


Line terminating resistance 


T A = 25°C 


120 


170 


250 


Q 


'OS 


Short-circuit output current 




VCC = 5.5V, 


v 0 = o 


-2.8 


-4.5 


-6.7 


mA 








V|C = 15V, 


V| D = -1 V 




4.2 


6 




'CC 


Supply current (average per receiver) 


V| C = 0, 


V| D = -0.5 V 




6.8 


10.2 


mA 








V|c--15V, 


V| D = -1 V 




9.4 


14 





t Unless otherwise noted, V(STRB) ^ 2.1 V or open. 

t All typical values are at Vqc = 5v, Vic = 0, and T A = 25°C. 

switching characteristics, Vqq = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Propagation delay time, low- to high-level 
PLH(D) ou tput from differential input 


R L - 400 Q, 
C L = 15 pF, 
See Figure 1 


18 40 


ns 


Propagation delay time, high- to low-level 
PHL(D) output from differential input 


31 45 


ns 


tp|_H(S) Propagation delay time, low- to high-level output from STRB input 


9 30 


ns 


tpHL(S) Propagation delay time, high- to low-level output from STRB input 


15 25 


ns 
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PARAMETER MEASUREMENT INFORMATION 

Input Output 



Pulse 
Generator No. 1 
(see Note A) 



Pulse 
Generator No. 2 
(see Note A) 




V C c = 5V 

See Note C 

►I N ► 



1 



Strobe 
Input 



TEST CIRCUIT 



Input 



>100 ns — W- 



>100 ns- 



STRB 



Output 



J ^1.3 V 



I 



I 

>100 ns -f*- 



1.3 V 



I 



\ « / 13V 13V \ 



tPHL(D) -H *j H »j tpLH(D) 



1.3 V 



\ ft™ 



*PHL(S) ' 



-t w — »> 

>100 ns-J«- 



ov 



, 2.5 V 



-2.5 V 



1.3V 

tPLH(S) 



2.6 V 
OV 

VOH 

vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: Zq = 50 Q, t r < 1 0 ns, tf < 1 0 ns, t w = 0.5 ±0.1 \is, PRR < 1 MHz. 

B. 'C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

Figure 1. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 



> 
i 



DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs 

SUPPLY VOLTAGE 



0.3 



jS 0.2 



0.1 



-0.1 



3= 
Q 

I 

Q 



-0.2 



-0.3 



V| C = 0 
T A = 25°C 














V 0 = 2.5 V, l( 


) = -400 \jlA 




V 0 = 0.4 V, l 0 = 


16 mA 















4.5 5 5.5 

Vcc ~ Supply Voltage - V 

Figure 2 



> 

i 

a> 

a 



DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 



0.5 
0.4 
0.3 
0.2 
0.1 
0 

-0.1 



g -0.2 



-0.3 
-0.4 
-0.5 



V C C = 5v' 














25°C 




































_ v 0 

V 


= 2.5\ 

o = o.< 


r Jo = 

^,l 0 


-400 ^ 
= 16nr 


iA 

A __ 























































20 -15 -10 -5 0 5 10 15 
Vie - Common-Mode Input Voltage - V 

Figure 3 



20 



DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



> 

i 

B 



100 



50 



X -50 



1 -100 



-150 



9 
> 



-200 





1 


I ! 

5 = 2.5 


r 1 

v,io = 


I 1 

= -400 


I 

mA 


1 

vcc = 

V|C = 


:5V 
0 






































v 0 = 


0.4 V, 


l 0 = 1 


6 mA 







































-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 4 



t Data for temperatures below 0°C and above 70°C are applicable to SN551 82 circuits only. 
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TYPICAL CHARACTERISTICSt 



0 

r 



& 

3 

o 



OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



1 

vc 


;c = 5 


V 

vie 
















i = 0.5 


v,i 0 = 


:-400 


ma 










































= -0.f 




. = 16 


mA 













-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 5 



a 



3 

a- 

3 

o 

I 

>° 



VOLTAGE TRANSFER CHARACTERISTICS 



Vcc = 5 V 
V| C = 0 



— i — r 

T A = 25°C- 



^ ^ > 400 CI 

From Output ^ f 

Under Test T w ^ \ 4 Each 




-0.5 -0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 
V| D - Differential Input Voltage - V 

Figure 6 
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I 



fc 

3 

o 



INPUT CURRENT 
vs 

INPUT VOLTAGE 



10 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 



V C C = 5V 
- Vio = 0to±20V 
T A = 25°C 




























































IN 














































IN + 











































200 



TERMINATING RESISTANCE 
vs 

FREE-AIR TEMPERATURE 




-20 -15 -10 -5 0 5 10 15 20 
V|- Input Voltage -V 



-75 -50 -25 0 25 50 75 100 125 
Ta - Free-Air Temperature - °C 



Figure 7 



Figure 8 



t Data for temperatures below 0°C and above 70°C are applicable to SN551 82 circuits only. 
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TYPICAL CHARACTERISTICSt 



SUPPLY CURRENT POWER DISSIPATION 

(AVERAGE PER RECEIVER) (AVERAGE PER RECEIVER) 




-20 -15 -10 -5 0 5 10 15 20 
Vic - Common-Mode Input Voltage - V 

Figure 9 

MAXIMUM NOISE PULSE DURATION 
vs 

MAXIMUM RESPONSE 
TIME-CONTROL CAPACITANCE 



1000 



-20 -15 -10 -5 0 5 10 15 20 
Vic - Common-Mode Input Voltage - V 

Figure 10 




2.5 V 



-2.5 V 



ov 



INPUT PULSE 



40 100 400 1000 4000 10000 
Response Time Control Capacitance - pF 

NOTE A: Figure 1 1 shows the maximum duration of the illustrated pulse that can be applied differently without the output changing from the low 
to high level. 



Figure 11 

t Data for temperatures below 0°C and above 70°C are applicable to SN55182 circuits only. 
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TYPICAL CHARACTERISTICSt 

PROPAGATION DELAY TIME FROM PROPAGATION DELAY TIME FROM 

DIFFERENTIAL INPUT STROBE INPUT 

vs vs 



FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 




14 I 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1 1 L — ' 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Ta - Free-Air Temperature - °C Ta - Free-Air Temperature - °C 



Figure 12 Figure 13 

t Data for temperatures below 0°C and above 70°C are applicable to SN551 82 circuits only. 
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APPLICATION INFORMATION 



Inputs 



V C c = 5V 
1/2J83 [ 



V C C = 5V 
1/2J82 | 



0.002 |iF . 
*e Note A) ' 



i" 



Twisted 
Pair 




STRB 



GND GND 

NOTES: A. When the inputs are open circuited, the output is high. A capacitor may be used for dc isolation of the line-terminating resistor. At 
the frequency of operation, the impedance of the capacitor should be relatively small. 

Example: let f = 5MHz 

C = 0.002 u,F 



Z (C) " 



1 



2rc (5 x 10 6 ) (0.002 x 10- 6 ) 



2jtfC 
Z(C) - 16 Q 

B. Use of a capacitor to control response time is optional. 

Figure 14. Transmission of Digital Data Over Twisted-Pair Line 
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Single 5-V Supply 

Differential Line Operation 

Dual Channels 

TTL Compatibility 

Short-Circuit Protection of Outputs 

Output Clamp Diodes to Terminate Line 

Transients 

High-Current Outputs 
Quad Inputs 

Single-Ended or Differential AND/NAND 
Outputs 

Designed for Use With Dual Differential 
Drivers SN55182 and SN75182 

Designed to Be Interchangeable With 
National Semiconductor DS7830 and 
DS8830 



SN55183 ... J OR W PACKAGE 
DS8830, SN75183 . . . D OR N PACKAGE 
(TOP VIEW) 



1A[ 1 
1B[ 2 
1C[ 3 
1D[ 4 
1Y[ 5 
1Z[ 6 
GND[ 7 



14 ] V CC 
13 ]2D 
12 ]2C 
]2B 
]2A 
]2Y 
]2Z 



SN55183 . . . FK PACKAGE 
(TOP VIEW) 

CD < O 8 Q 

y- y Z > CVJ 



description 



ic ] 4 

NC ] 5 
1D ]6 
NC ]7 
1Y ]8 



LJLJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 
nnnnn 



18[ 2C 
17[ NC 
16[ 2B 
15[ NC 
14[ 2A 



The DS8830, SN55183, and SN75183 dual 
differential line drivers are designed to provide 
differential output signals with high-current 
capability for driving balanced lines, such as 
twisted pair, at normal line impedances without 
high power dissipation. These devices may be 
used as TTL expander/phase splitters, as the 
output stages are similar to TTL totem-pole 
outputs. 

The driver is of monolithic single-chip construction, and both halves of the dual circuits use common power 
supply and ground terminals. 

The SN55183 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
DS8830 and SN75183 are characterized for operation from 0°C to 70°C. 



N Q O N >■ 
*~ Z Z w <N 
CD 

NC - No internal connection 



THE DS8830 AND SN75183 ARE NOT 
RECOMMENDED FOR NEW DESIGNS 



logic symbolt 



1A - 
1B ■ 
1C- 
1D - 
2A - 
2B - 
2C- 
2D - 



10 



12 



13 



&> 


5 


6 


9 




s. 8 





1Y 



logic diagram (positive logic) 

o 



1Z 



2Y 




2Z 



2A 

2B 
2C 

2D 



— — I 
11 


1 












12 






— i 




13 








i — 








4 


I 



2Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

Pin numbers shown are for the D, J, N, and W packages. 



positive logic: Y = ABCD, Z = ABCD 
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schematic (each driver) 




Resistor values shown are nominal. 

Pin numbers shown are for the D, N, J, and W packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55183 


DS8830 
SN75183 


UNIT 


Supply voltage, Vcc (see Note 1 ) 


7 


7 


V 


Input voltage, V | 


5.5 


5.5 


V 


Duration of output short circuit (see Note 2) 


1 


1 


s 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


Oto 70 


°C 


Storage temperature range, T s tg 


-65 to 150 


-65 to 150 


°C 


Case temperature for 60 seconds, Tc: FK package 


260 




°C 


Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: D or N package 




260 


°c 


Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: J package 


300 


300 


°c 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . All voltage values, except differential voltages, are with respect to network ground terminal. 



2. Not more than one output should be shorted to ground at any one time. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK* 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


Jt 


1375mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000 mW 


8.0mW/°C 


640 mW 


200 mW 



$ In the FK and J packages, SN55183 chips are alloy mounted and SN75183 chips are glass mounted. 



recommended operating conditions 





SN55183 


DS8830, SN75183 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


2 


V 


Low-level input voltage, Vjl 


0.8 


0.8 


V 


High-level output current, Iqh 


-40 


-40 


mA 


Low-level output current, IrjL 


40 


40 


mA 


Operating free-air temperature, T A 


-55 125 


0 70 


°C 
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electrical characteristics over recommended ranges of V cc and operating free-air temperature 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


Y (AND) outputs 


V| H = 2 V, Iqh* -0.8 mA 


2.4 


V 


V|H = 2V, loH = -40mA 


1.8 3.3 


Vol Low-level output voltage 


V| L = 0.8V, lQL=32mA 


0.2 


V 


V| L = 0.8V, iQL-^mA 


0.22 0.4 


v OH High-level output voltage 


Z (NAND) outputs 


V|L = 0.8V, loH = -0-8mA 


2.4 


V 


V|L-0.8V, loH = --40mA 


1.8 3.3 


Vql Low-level output voltage 


V|H = 2 V, Iol - 32 mA 


0.2 


V 


V|H = 2V, loL=40mA 


0.22 0.4 


i|H High-level input current 


V| H = 2.4V 


120 


ma 


1 1 Input current at maximum input voltage 


V|H = 5.5V 


2 


mA 


l|L Low-level input current 


V|L»0.4V 


-4.8 


mA 


lOS Short-circuit output current* 


VCC-5V, Ta = 125°C 


-40 -100 -120 


mA 


ICC Supply current (average per driver) 


Vcc = 5 V, All inputs at 5 V, No load 


10 ,18 


mA 



t All typical values are at Vcc ■ 5 v > T A = 25 ° c - 

t Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low- to high-level Y output 


AND gates 


CL=15pF, 
See Figure 1 (a) 


8 12 


ns 


tpHL Propagation delay time, high- to low-level Y output 


12 18 


ns 


tpLH Propagation delay time, low- to high-level Z output 


NAND gates 


6 12 
6 8 


ns 


tpHL Propagation delay time, high- to low-level Z output 


Propagation delay time, low- to high-level 
'™-H differential output 


Y output 
with respect 
to Z output 


RL - 1 00 Q, in series 
with 5000 pF, 
See Figure 1(b) 


9 16 


ns 


Propagation delay time, high- to low-level 
p HL differential output 


8 16 


ns 
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PARAMETER MEASUREMENT INFORMATION 



Input Vcc = ±5V 

=± 



Pulse 
Generator 
(see Note A) 



Input 



^ C|_ = ±5pF 
— (see Note B) 



TEST CIRCUIT 



^ Cl = 15 pF 
"=" (see Note B) 



Y 

Output 
Z 

Output 



tPLH ~f — H 



\4 H tpHL 



Y 

Output 
Z 

Output 



v — rr — 



tPLH H« M 

^1.5 V ^ 1.5 V 



N — W— tpHL 
VOLTAGE WAVEFORMS 



2.5 V 

OV 

VOH 

vol 

VOH 

vol 



Input Vcc = 5V 



Pulse 
Generator 
(see Note A) 



^ — 



(a) OUTPUTS Y AND Z 



Y 

Output 



Input 



1.5 V 



3V 
■ OV 




i LH 



100 Q 
5000 pF 



Z 

Output 



Differential 
Output 
Voltage 



tPLH — H *\ tPHL - W * 



[ 0V 



— v YS 

OV 

-vys 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



(b) DIFFERENTIAL OUTPUT 



NOTES: A. The pulse generators have the following characteristics: Zrj = 50 Q, t r < 1 0 ns, tf < 1 0 ns, t w = 0.5 ^iS, PRR < 1 MHz. 

B. Cl includes probe and jig capacitance. 

C. Waveforms are monitored on an oscilloscope with rj > 1 MQ . 

Figure 1 . Test Circuits and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 



INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



> 

i 

s> 

3 



2.4 
2.2 

2 
1.8 
1.6 
1.4 
1.2 

1 

0.8 
0.6 
0.4 



V C C = 5V 












V 0 = 


:1.5 V 




V|H 


min 














































N/ 


tNDGi 


ate 








ANC 


)Gate 




































V|L 


max 







































-75 -60 -25 0 25 50 75 100 125 
Ta - Free- Air Temperature - °C 

Figure 2 
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a 

3 

o 

I 

_J 

xz 
o> 

X 

i 

X 
O 
> 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



V J 


1 1 

!00-£2Load 1 




1 

V 


I 1 

CC = 5 


V 






^ 50-Q Loa 


d 








/ 


7^ 














/ 
/ 


/ 
/ 


/ 






A" 


A = 2i 


5°C 


-t-, 
1 1 

-4-4- 


— 7 
/ 

-J— 








\T A = -55°C 


II 
If / 


/ 

t 














"/ 




= 125 


°C I 










*f~ 
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0 -20 -40 -60 -80 -100 -120 -140 -160 
'OH - High-Level Output Current - mA 

Figure 3 



> 

i 

<D 

B 



a 

3 

O 
« 

♦3 
C 

s 
S 

5 

Q 

o 

> 



DIFFERENTIAL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL OUTPUT CURRENT 



V C C = 5 


V 

*TA = 125 


B C 










^JA = 


25°C 






T A = -5 


>°C \ 

















0 25 50 75 100 

IrjD - Differential Output Current - mA 

Figure 4 



125 



> 

I 

© 
3 
§ 

3 

a 

3 

o 

! 

! 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 




0 20 40 60 80 100 120 140 160 180 200 
lOL ~ Low-Level Output Current - mA 

Figure 5 



t Data for temperatures below 0°C and above 70°C are applicable to SN55183 circuits only. 
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TYPICAL CHARACTERISTICSt 



E 



a 



2 

CL 



20 



15 



10 



PROPAGATION DELAY TIME 
(DIFFERENTIAL OUTPUT) 
VS 

FREE-AIR TEMPERATURE 



vcc 

See 


= 5V 
Figure 


1(b) 
















tPLK 














L , 


1 





































TOTAL POWER DISSIPATION 
(BOTH DRIVERS) 
vs 

FREQUENCY 



-75 -50 -25 0 25 50 75 100 125 
T"a - Free-Air Temperature - °C 

Figure 6 

t Data for temperatures below 0°C and above 70°C are applicable to SN55183 circuits only. 




1 4 10 

f - Frequency - MHz 

Figure 7 
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APPLICATION INFORMATION 



V C C = 5V 
^1/£183_ | ^ 



Inputs 



{ 



i 



Vcc=5V 

1/2' 182 

I "I 



> 



Inverting 
Input 



r 



0.002 \if 
(see Note A) 




Rt 



P 



Twisted 
Pair 



Noninverting 
Input Strobe 



Output 

Resp Time Cont 



100 pF 
— (see Note B) 



GND GND 

NOTES: A. When the inputs are open circuited, the output is high. A capacitor may be used for dc isolation of the line-terminating resistor. At 
the frequency of operation, the impedance of the capacitor should be relatively small. 



Example: let 



f = 5MHz 
C « 0.002 uF 



(circuit) 



1 

2rcfC 



2jt (5 x 10 6 ) (0.002 x 10" 6 ) 

z (circuit) 83 16i2 
B. Use of a capacitor to control response time is optional. 

Figure 8. Transmission of Digital Data Over Twisted-Pair Line 



2-674 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75185 

MULTIPLE RS-232 DRIVERS AND RECEIVERS 



SLLS181 - DECEMBER 1994 



Single Chip With Easy interface Between 

UART and Serial Port Connector of IBM 

PC/AT™ and Compatibles 

Three Drivers and Five Receivers Meet or 

Exceed the Requirements of EIA/TIA-232-E 

and ITU v.28 Standards 

Designed to Support Data Rates Up To 

120 kbps 

ESD Protection Meets or Exceeds 10 kV on 
RS-232 Pins and 5 kV on All Other Pins 
(Human-Body Model) 
Pinout Compatible With the SN75C185 



description 



The SN75185 combines three drivers and five 
receivers from Tl trade-standard SN75188 and 
SN751 89 bipolar quadruple drivers and receivers, 
respectively. The pinout matches the flow-through 
design of the SN75C185 to decrease the part 
count, reduce the board space required, and allow 
easy interconnection of the UART and serial-port 
connector of IBM PC/AT™ and compatibles. The 
bipolar circuits and processing of the SN75185 
provides a rugged low-cost solution for this 
function at the expense of quiescent power and 
external passive components relative to the 
SN75C185. 

The SN75185 complies with the requirements of 
the EIA/TIA 232-E and \T\J (formally CCITT) v.28 
standards. These standards are for data inter- 
change between a host computer and peripheral 
at signalling rates up to 20 k-bits/s. The switching 
speeds of the SN751 85 are fast enough to support 
rates up to 1 20 k-bits/s with lower capacitive loads 
(shorter cables). Interoperability at the higher 
signalling rates cannot be assured unless the 
designer has design control of the cable and the 
interface circuits at both ends. For interoperability 
at signalling rates to 120 k-bits/s, use of 
EIA/ITA-423-B (ITU v. 10) and EIA/ITA-422-B 
(ITU v.11) standards are recommended. 

The SN75185 is characterized for operation over 
the temperature range of 0°C to 70°C. 



DW OR N PACKAGE 
(TOP VIEW) 



Vnn T 


1 u 




1 Vrr 


RA1 [ 


2 


19 


] RY1 


RA2[ 


3 


18 


] RY2 


RA3[ 


4 


17 


] RY3 


DY1 [ 


5 


16 


]DA1 


DY2[ 


6 


15 


]DA2 


RA4[ 




14 


] RY4 


DY3[ 


8 


13 


] DA3 


RA5[ 


9 


12 


]RY5 


v SS [ 


10 


11 


] GND 



logic symbolt 



RA1 
RA2 
RA3 
DY1 
DY2 
RA4 
DY3 
RA5 



"TL 



s 

N 


18 


S 


17 




16 


— «- 


15 


— «- 

s 


14 


— «- 


13 




12 



RY1 
RY2 
RY3 
DA1 
DA2 
RY4 
DA3 
RY5 



RA1- 
RA2- 

RA3- 
DY1- 

DY2- 



t This symbol is in accordance with ANSI/iEEE Std 91-1 984 
and I EC Publication 617-12. 



logic diagram (positive logic) 

- j^o — 

- J^O — 
3 p^O 

*-<]- 

3^<h 

5— 



RA4- 
DY3- 
RA5- 



RY1 
RY2 

RY3 
DA1 

DA2 
RY4 
DA3 
RY5 



PC/AT is a trademark of IBM Corporation. 
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schematic of drivers 



V D D— esd 



► To Other Drivers 



Input DAx — 




DYx Output 



GND 



► To Other Drivers 

Resistor values shown are nominal. 



schematic (each receiver) 



nTo Other I 
ESD — 



To Other Receivers 

vcc 



9kQ < < 5 kQ < 1. 66 kQ 



2kQ 



Input RAx — ESD 



3.8 kQ 



ESD 



RYx Output 



7 



GND 



To Other Receivers 



Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1 ) 10V 

Supply voltage, Vqd (see Note 1 ) 15V 

Supply voltage, V$s (see Note 1 ) - 1 5 V 

Input voltage range: Driver - 1 5 V to 7 V 

Receiver -30 V to 30 V 

Driver output voltage range -15V to 15V 

Receiver low-level output current 20 mA 

Continuous total power dissipation See Dissipation Rating Table 

Electrostatic discharge: Human-body model: RS-232 pins, class 3, A (see Note 2) 1 0 kV 

Human-body model: All pins, class 3, A (see Note 3) 5 kV 

Machine model: RS-232 pins, class 3, B (see Note 4) 600 V 

Machine model: All pins, class 3, B (see Note 3) 300 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltages are with respect to the network ground terminal. 

2. RS-232 pins are tested with respect to ground and each other. 

3. Per MIL-STD 883C, Method 3015.7 

4. RS-232 pins are tested with respect to ground. 



DISSIPATION RATING TABLE* 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta < 70°C 
POWER RATING 


DW 


1125 mW 


9 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



$ This is the inverse of the traditional junction-to-case thermal resistance (Rgja)- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqd 


7.5 9 15 


V 


Supply voltage, V§s 


-7.5 -9 -15 


V 


Supply voltage, Vfjc 


4.5 5 5.5 


V 


High-level input voltage, Vm (driver only) 


1.9 


V 


Low-level input voltage, V||_ (driver only) 


0.8 


V 


High-level output current, IrjH 


Driver 


-6 


mA 


Receiver 


-0.5 


Low-level output current, Iql 


Driver 


6 


mA 


Receiver 


16 


Operating free-air temperature, Ta 


0 70 


°C 
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supply currents 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


IpD Supply current from Vqd 


All inputs at 1 .9 V, No load 


Vqd = 9 V, Vss = -9 V 


15 


mA 


vdd = i2V, Vss = -12 V 


19 


vdd = i5V, Vss = -15 V 


25 


All inputs at 0.8 V, No load 


V D D = 9V, Vss = -9V 


4.5 


mA 


V DD = 12V, V S S - -12 V 


5.5 


v D d = i5v, v S s = -15 V 


9 


l$s Supply current from Vss 


All inputs at 1 .9 V, No load 


V D D = 9V, V S S = -9V 


-15 


mA 


v D d = i2v, v S s = -12 V 


-19 


V DD = 15V, V S S = -15 V 


-25 


All inputs at 0.8 V, No load 


V D D = 9V, V S S = -9V 


-3.2 


mA 


V DD = 12V, V S S = -12 V 


-3.2 


v D d = i5v, v S s = -15 V 


-3.2 


ICC Supply current from V<x 


Vcc = 5V, All inputs at 5 V, No load 


30 


mA 



DRIVER SECTION 

electrical characteristics over recommended operating free-air temperature range, Vqd = 9 V, 
Vss = -9 v > V CC = 5 v (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


VOH High-level output voltage 


V|[_ = 0.8 V, R|_ = 3 kQ, See Figure 1 


6 7.5 


V 


Vol Low-level output voltage (see Note 5) 


V|H - 1 .9 V, R|_ = 3 kQ, See Figure 1 


-7.5 -6 


V 


l|H High-level input current 


V| = 5 V, See Figure 2 


10 


ma 


Low-level input current 


V| m 0, See Figure 2 


-1.6 


mA 


, lx High-level short-circuit output current 
,os ( H ) (see Note 6) 


V||_ = 0.8 V, Vo = 0, See Figure 1 


-4.5 -12 -19.5 


mA 


lOS(L) Low-level short-circuit output current 


Vm = 2 V, Vo = 0, See Figure 1 


4.5 12 19.5 


mA 


r 0 Output resistance (see Note 7) 


VCC = VDD - VSS - 0, V 0 = -2 V to 2 V 


300 


Q 



NOTES: 5. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only (e.g., if -10 V is maximum, the typical value is a more negative voltage). 

6. Output short-circuit conditions must maintain the total power dissipation below absolute maximum ratings. 

7. Test conditions are those specified by EIA-232-E and as listed above. 



switching characteristics, Vqc = 5 V, Vqd = 12 V, Vss = -12 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low-to-high-level output 


R|_ = 3 kQ to 7 kQ, C|_=15pF, 
See Figure 3 


315 500 


ns 


*PHL Propagation delay time, high-to-low-level output 


75 175 


ns 


*TLH Transition time, low-to-high-level output 


RL = 3 kQ to 7 kQ, Ci_=15pF, 
See Figure 3 


60 100 


ns 


R|_ = 3 kQ to 7 kQ, Cl = 2500 pF, 
See Figure 3 and Note 8 


1.7 2.5 


\xs 


tjHL Transition time, high-to-low-level output 


R|_ = 3 kQ to 7 kQ, Cl = 15 pF, 
See Figure 3 


40 75 


ns 


R|_ = 3 kQ to 7 kQ, Cl = 2500 pF, 
See Figure 3 and Note 9 


1.5 2.5 





NOTES: 8. Measured between -3-V and 3-V points of the output waveform (EIA-232-E conditions), all unused inputs are tied. 

9. Measured between 3-V and -3-V points of the output waveform (EIA-232-E conditions), all unused inputs are tied. 
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RECEIVER SECTION 



electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vj + Positive-going threshold voltage 


See Figure 5 


T A = 25°C 


1.75 1.9 2.3 


V 


TA = 0°Cto70 °C 


1.55 2.3 


Vt- Negative-going threshold voltage 




0.75 0.97 1.25 


Vhys |n Put hysteresis (Vj + - Vj_) 




0.5 


Voh High-level output voltage 


Iqh = _0 - 5 mA 


V| H = 0.75 V 


2.6 4 5 


V 


Inputs open 


2.6 


Vql Low-level input voltage 


IOL=10mA, V| = 3V 


0.2 0.45 


V 


l|H High-level input current 


V| = 25 V, See Figure 5 


3.6 8.3 


mA 


V| = 3 V, See Figure 5 


0.43 


l|l_ Low-level output current 


V| » -25 V, See Figure 5 


-3.6 -8.3 


mA 


V|=-3V, See Figure 5 


-0.43 


Iqs Short-circuit output current 


See Figure 4 


-3.4 -12 


mA 



t All typical values are at Ta = 25°C, Vcc = 5 V, Vqd - 9 V, and Vss = -9 V. 

switching characteristics, Vqq = 5 V, Vqd = 12 V, Vss = " 12 v » T A = 25 ° c 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low-to-high-level output 


Cl = 50 pF, Rl = 5 kQ 
See Figure 6 


107 500 


ns 


tpHL Propagation delay time, high-to-low-level output 


42 150 


ns 


*TLH Transition time, low-to-high-level output 


175 525 


ns 


tjHL Transition time, high-to-low-level output 


16 60 


ns 



V D D 

vcc 



PARAMETER MEASUREMENT INFORMATION 

|OS(L) 

-(J)— V DD orGND 
-'QS(H) 

"CD - vss 



vo 
A 



vss 



; or GND 



RL = 3 



Figure 1. Driver Test Circuit 
for v OH» v OL» j OS(H)» and loS(L) 



llH 



VDD 

vcc 



-l|L 



VSS 



Figure 2. Driver Test Circuit for !|h and I|l 
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PARAMETER MEASUREMENT INFORMATION 



vdd 

,n P ut I v C c 



Input 



1.5 V 



1.5V^ 



Pulse 
Generator 



(see Note A) 



1 (see Note B) 



I 



tpHL 



I 



90% 



vss i 

TEST CIRCUIT 



Output j >^ 

t T HL -V-J 



50% 
10% 



50% 
10% 



I 

!>f 90% 
i0%3T | 





■ 3V 
•0V 

VOH 

vol 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w = 25 us, PRR = 20 kHz, Zrj = 50 Q, t r = tf < 50 ns. 
B. C[_ includes probe and jig capacitance. 




Figure 3. Driver Test Circuit and Voltage Waveforms 

<5-i 



VT.Vj 





Figure 4. Receiver Test Circuit 
forlos 



Figure 5. Receiver Test Circuit 
for V T , V 0 h> and V 0 l 



vdd 



Input 



r 50% 



Input 







H 


Pulse 
Generator 


—i 







(see Note A) 



V C C 



50%^^ 



vss 

TEST CIRCUIT 



Rl > _L C L 
L ^ T (see Note B) 



*[— tpHL 



90% 



Output 



50% 
10% 



i 

j/F 90% 
50% | 
10% ^ | 



4V 
0V 

VOH 

vol 



tTHL-f^ l^ptTLH 
VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 25 us, PRR = 20 kHz, Zq = 50 £1, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 6. Receiver Propagation and Transition Times 
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TYPICAL CHARACTERISTICS 
DRIVER SECTION 



o 

I 

o 



VOLTAGE TRANSFER CHARACTERISTICS 



-3 
-6 
-9 
-12 



VdD = 12V,Vss = -12V 

— 1 — I — I — h-t- 

V DD = 9 V, V S S = -9 V 



3 |-Vdd = 6V,Vss = : 6V 
0 



R|_ = 3 kQ 
T A = 25°C 
I l_ 



0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 
V| - Input Voltage - V 

Figure 7 
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I 



o 

3 

3- 

3 

o 
o 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 



20 
16 
12 
8 
4 
0 
-4 
-8 
-12 
-16 



V D D = 9V 












ta = 


:25°C 




V 


'OL(V| 


= 1.91 


0 
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'T\ 

3-k 


Q - 
Line 














Load 






l(V|=C 


>.8V) 



























-20 

-16 -12 



-8 -4 0 4 8 
Vo- Output Voltage -V 

Figure 8 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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)(V| = 1 
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vdi 
- v S j 
vo 


} = 9V 
5 = -9V 
= 0 


























l0S(h 


1) (V| = 
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Ta - Free-Air Temperature - °C 

Figure 9 
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> 
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i 
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100 



SLEW RATE 
vs 

LOAD CAPACITANCE 




100 1000 10000 

C|_ - Load Capacitance - pF 

Figure 10 
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TYPICAL CHARACTERISTICS 
RECEIVER SECTION 



INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



INPUT THRESHOLD VOLTAGE 
vs 

SUPPLY VOLTAGE 



> 

i 

a> 
B 



> 

i 



a 
E 
< 



2.4 
2.2 
2 
1.8 
1.6 
1.4 
1.2 

0.8 
0.6 
0.4 























































































\fj- - 



































10 20 30 40 50 60 70 
Ta - Free-Air Temperature - °C 

Figure 11 



NOISE REJECTION 




40 100 400 1000 4000 10000 
t w - Pulse Duration - ns 

NOTE A: This figure shows the maximum amplitude of a 
positive-going pulse that, starting from 0 V, will not cause 
a change of the output level. 

Figure 13 
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Vcc - Supply Voltage - V 

Figure 12 

MAXIMUM SUPPLY VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 14 
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APPLICATION INFORMATION 

Diodes placed in series with the Vqd and Vss leads protect the SN751 85 in the fault condition in which the device 
outputs are shorted to ±15 V and the power supplies are at low and provide low-impedance paths to ground 
(see Figure 15). 

Vdd 



SN75185 



±15V 



Output 



-H- 



1 



vdd 



SN75185 



vss 



vss 



Figure 15. Power-Supply Protection to Meet Power-Off Fault Conditions of EIA/TIA-RS-232-E 



TL16C450 
ACE 



r 



11 





4 




37 




13 


40 




14 


13 


4 


15 


36 




16 


11 




17 




4 




41 




18 


42 


4 


19 



20 



5V 



GND 
RY5 
DA3 
RY4 
DA2 
DA1 
RY3 
RY2 
RY1 

vcc 



SN75185 




t See Figure 1 0 to select the correct values for the loading capacitors (C1 , C2, and C3), which may be required to meet the RS232 maximum 
slew-rate requirement of 30 V/jxs. The value of the loading capacitors required depends upon the line length and desired slew rate, but is 
typically 330 pF. 

NOTE C. To use the receivers only, Vqd ar) d V SS must bo* 0 De powered or tied to ground. 

Figure 16. Typical Connection 
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Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 

Single Chip With Easy Interface Between 
UART and Serial Port Connector 
Less Than 9-mW Power Consumption 

Wide Driver Supply Voltage ... 4.5 V 
to 13.2 V 

Driver Output Slew Rate Limited to 
30 V/lis Max 

Receiver Input Hysteresis ... 1100 mV Typ 
Push-Pull Receiver Outputs 
On-Chip Receiver 1-jxs Noise Filter 
Functionally Interchangeable With Texas 
Instruments SN75185 



description 



The SN65C185 and SN75C185 are low-power 
BiMOS devices containing three independent 
drivers and five receivers that are used to interface 
data terminal equipment (DTE) with data circuit- 
terminating equipment (DCE). The SN65C185 
and SN75C185 will typically replace one 
SN75188 and two SN75189 devices. These 
devices have been designed to conform to ANSI 
Standards EIA/TIA-232-E. The three drivers and 
five receivers of the SN65C185 and SN75C185 
are similar to those of the SN75C1 88 quad drivers 
and SN75C189A quad receivers, respectively. 
The drivers have a controlled output slew rate that 
is limited to a maximum of 30 V/^is and the 
receivers have filters that reject input noise pulses 
that are shorter than 1 \xs. Both these features 
eliminate the need for external components. 

The SN65C185 and SN75C185 have been 
designed using low-power techniques in a BiMOS 
technology. In most applications, the receivers 
contained in these devices will interface to single 
inputs of peripheral devices such as ACEs, 
UARTS, or microprocessors. By using sampling, 
such peripheral devices are usually insensitive to 
the transition times of the input signals. If this is not 
the case, or for other uses, it is recommended that 
the SN65C185 and SN75C185 receiver outputs 
be buffered by single Schmitt input gates or single 
gates of the HCMOS, ALS, or 74F logic families. 

The SN65C185 is characterized for operation 
from -40°C to 85°C. The SN75C185 is 
characterized for operation from 0°C to 70°C. 



DW OR N PACKAGE 
(TOP VIEW) 







1 


20 


2 


19 


3 


18 


4 


17 


5 


16 


6 


15 




14 


8 


13 


9 


12 


10 


11 



]v C c 

]RY1 
] RY2 



logic diagram (positive logic) 

1— |J>o- 

2— \£>o— 

3 p^O 

1-<h 

*— G><>- 

3-<I- 
S—^O- 

logic symbolt 



RA1- 
RA2- 
RA3- 
DY1- 

DY2- 
RA4- 
DY3- 
RA5- 



RY1 
RY2 
RY3 
DA1 

DA2 
RY4 
DA3 
RY5 



RA1 
RA2 
RA3 
DY1 
DY2 
RA4 
DY3 
RA5 



19 



s 18 


V 17 




16 




15 


^ 


14 




13 




12 



RY1 
RY2 
RY3 
DA1 
DA2 
RY4 
DA3 
RY5 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and 
IEC Publication 617-12. 
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equivalent schematics of inputs and outputs 



EQUIVALENT DRIVER INPUT 



V D D 



Input 
DA " 



GND 4r 



Internal 
1.4-V Ref 
to GND 



V S S 



EQUIVALENT DRIVER OUTPUT 

-f -f V D D 




EQUIVALENT RECEIVER INPUT 



EQUIVALENT RECEIVER OUTPUT 



Input 
RA 



VCC 



' 3.4 kQ 



ESD 
Protection 



► 1.5kQ 



ESD 
Protection 



:530kQ 



"GND 



Output 
RY 



1 



'GND 



All resistor values are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vdd (see Note 1) 13.5 V 

Supply voltage, Vss - 1 3.5 V 

Supply voltage, V<x 7 v 

Input voltage range, V|: Driver Vss to Vdd 

Receiver -30V to 30V 

Output voltage range, Vq: Driver — Vss- 6 V to Vdd + 6 v 

Receiver -0.3 V to V C c + 0.3 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65C1 85 -40°C to 85°C 

SN75C185 0°Cto70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 85°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


585 mW 


N 


1150 mW 


9.2 mW/°C 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqd 


4.5 12 13.2 


V 


Supply voltage, Vss 


-4.5 -12 -13.2 


V 


Supply voltage, Vqc 


4.5 5 6 


V 


Input voltage, V| (see Note 2) 


Driver 


vss +2 Vqd 


V 


Receiver 


-25 25 


High-level input voltage, Vm 


Driver 


2 


V 


Low-level input voltage, V|i_ 


0.8 


High-level output current, Iqh 


Receiver 


-1 


mA 


High-level output current, Iql 


3.2 


mA 


Operating free-air temperature^ 


SN65C185 


-40 85 


°C 


SN75C185 


0 70 



NOTE 2: The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only, e.g., if - 1 0 V is a maximum, the typical value is a more negative voltage. 



supply currents 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Iqd Supply current from Vdd 


No load, 

All inputs at 2 V or 0.8 V 


V D D = 5V, V S S = -5V 


115 200 


pA 


v DD = 12 V, v S s = -12 V 


115 200 


ISS Supply current from Vss 


No load, 

All inputs at 2 V or 0.8 V 


V D D = 5V, V S S = -5V 


-115 -200 


MA 


v D d = 12 V, v S s = -12 V 


-115 -200 


ICC Supply current from Vqq 


No load 

All inputs at 0 or 5 V 


vdd- 5 V. v S s = -5V 


750 


ma 


v D d = 12 V, v S s = -12 V 


750 
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DRIVER SECTION 

electrical characteristics over operating free-air temperature range, Vqd = 12 V, V$s = -12 V, 
Vqc = 5 V ±10% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Voh High-level output voltage 


V| L = 0.8V, R L = 3kQ, 
See Figure 1 


V D D = 5V, V S S = -5V 


4 4.5 


V 


V D D = 12V, V S S = -12V 


10 10.8 


v Low-level output voltage 
0L (see Note 2) 


V|H = 0.8 V, R|_ = 3 kQ, 
See Figure 1 


V D D = 5V, V S S = -5V 


-4.4 -4 


V 


V DD = 12V, V S S = -12V 


-10.7 -10 


1 1 h High-level input current 


V| = 5V, See Figure 2 


1 


MA 


l|L Low-level input current 


V| = 0, See Figure 2 


-1 


uA 


. High-level short-circuit 
0S ( H ) output current (see Note 3) 


V| = 0.8V, Vo = 0orVQ = Vss, 
See Figure 1 


-4.5 -12 -19.5 


mA 


. Low-level short-circuit 
0S ( L ) output current (see Note 3) 


V| = 2V, Vo = 0orVo = V DD , 
See Figure 1 


4.5 12 19.5 


mA 


r 0 Output resistance 


VDD = V S S = V C C = 0, V 0 = -2Vto2V, 
See Note 4 


300 400 


Q 



t All typical values are at = 25 °C. 

NOTES: 2. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only, e.g., if - 1 0 V is a maximum, the typical value is a more negative voltage. 

3. Not more than one output should be shorted at one time. 

4. Test conditions are those specified by El A/TIA-232-E. 



switching characteristics, V DD = 12 V, V ss = -12 V, V C c = 5 V ±10%, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tpLH 


Propagation delay time, 

low- to high-level output (see Note 5) 








1.2 


3 


us 


tPHL 


Propagation delay time, 

high- to low-level output (see Note 5) 


R|_ = 3 kQ to 7 kQ, 
See Figure 3 


C|_= 15pF, 




2.5 


3.5 


us 


*TLH 


Transition time, low- to high-level output 






0.53 


2 


3.2 


us 


tTHL 


Transition time, high- to low-level output 






0.53 


2 


3.2 


us 


*TLH 


Transition time, low- to high-level output (see Note 6) 


R|_ = 3 kQ to 7 kQ, 


Cl = 2500 pF, 


1 


US 


*THL 


Transition time, high- to low-level output (see Note 6) 


See Figure 3 




1 


us 


SR 


Output slew rate (see Note 6) 


R|_ = 3 kQ to 7 kQ, 
See Figure 3 


C|_=15pF, 


4 


10 


30 


V/us 



NOTES: 5. tpHL and tpi_H include the additional time due to on-chip slew rate and is measured at the 50% points. 

6. Measured between 3-V and -3-V points of output waveform (EIA/TIA-232-E conditions), all unused inputs tied either high or low. 
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RECEIVER SECTION 



electrical characteristics over operating free-air temperature range, V DD = 12 V, V§s = -12 V, 
Vqc = 5 V ±10% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|T + 


Positive-going input threshhold 
voltage 


See Figure 5 


1.6 


2.1 


2.55 


V 


V|T- 


Negative-going input threshhold 


See Figure 5 


0.65 


1 


1.25 


V 


Vhys 


Input hysteresis voltage 
(V|T + -V| T -) 




600 


1100 




mV 






V| = 0.75 V, 


'OH = -20 nA, 


See Figure 5 and Note 7 


3.5 




VOH 


High-level output voltage 


V| = 0.75 V, 
I 0 h = -1 mA, 


V CC = 4.5V 


2.8 


4.4 




V 


V C C = 5V 


3.8 


4.9 








See Figure 5 


Vcc = 5.5V 


4.3 


5.4 






vol 


Low-level output voltage 


V| = 3 V, 


Iql = 3.2 mA, 


See Figure 5 




0.17 


0.4 


V 


l|H 


High-level input current 


V| = 3V 


0.43 


0.55 


1 


mA 


V| = 25 V 


3.6 


4.6 


8.3 


IlL 


Low-level input current 


V| =-3 V 


-0.43 


-0.55 


-1 


mA 


V| =-25 V 


-3.6 


-5.0 


-8.3 


'OS(H) 


Short-circuit output at high level 


V| = 0.75 V, 


v 0 = o, 


See Figure 4 




-8 


-15 


mA 


lOS(L) 


Short-circuit output at low level 


V| = V C C, 


v 0 = v C c. 


See Figure 4 




13 


25 


mA 



t All typical values are at Ta = 25 °C. 

NOTE 7: If the inputs are left unconnected, the receiver interprets this as an input low, and the receiver outputs will remain in the high state. 



switching characteristics, Vqq = 12 V, V§s = -12 V, Vqc = 5 V ±10%, = 25°C (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


R|_ = 5 kQ, Cl = 50 pF, See Figure 6 


3 4 


\1S 


tpuL Propagation delay time, high- to low-level output 


3 4 


\iS 


tjLH Transition time, low- to high-level output 


300 450 


ns 


tjHL Transition time, high- to low-level output 


100 300 


ns 


. Duration of longest pulse rejected as noise 
%(N) (see Note 8) 


R[_ = 5kQ, C|_ = 50pF, See Figure 6 


1 4 


\iS 



NOTE 8: The receiver ignores any postive- or negative-going pulse that is less than the minimum value of t w (N) and accepts any positive- or 
negative-going pulse greater than the maximum of t W (N). 
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PARAMETER MEASUREMENT INFORMATION 

'OS(L) 



VDD 



v C c 



~(Jy- V DD orGND 
-'OS(H ) 

V SS orGND 



V 0 

i 



vss 



R[_ = 3 kft 



-«IL 



VDD 



vcc 



vss 



Figure 1. Driver Test Circuit 



V D D 



Figure 2. Driver Test Circuit for Iih and Iil 



Input 



1.5 V 









Pulse 
Generator 


— ( 







-4- *PHL 



I | 
k ^- tp L H 



3V 
OV 



See Note A 



VSS 



R .S _L C L 

■J— • — ' Output 



50% 
10% 



50%. 
10% 



I I 
tTHL | « N 



yT 90% 
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TEST CIRCUIT 
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NOTES: A. The pulse generator has the following characteristics: t w = 25 \is, PRR = 20 kHz, Zrj = 50 Q, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
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Vdd 
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See Note A 
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< T (see Note B) 
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TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w - 25 us, PRR - 20 kHz, Zq = 50 CI, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 6. Receiver Propagation and Transition Times 



APPLICATION INFORMATION 
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Figure 7. Typical Connection 
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Meets or Exceeds the Requirements of 
ANSI EIA/TJA-232-E and ITU 
Recommendation V.28 
Four Independent Drivers and Receivers 
Loopback Mode Functionally Self-Tests 
Drivers and Receivers Without 
Disconnection From Line 
Driver Slew Rate Limited to 30 V/lis Max 
Built-in Receiver 1-lis Noise Filter 
Internal Thermal Overload Protection 
EIA/TIA-232-E Inputs and Outputs 
Withstand ±30 V 

Low Supply Current ... 2.5 mA Typ 

ESD Protection Exceeds 4000 V Per 
MIL-STD-833C Method 3015 



description 



The SN75186 is a low-power bipolar device 
containing four driver/receiver pairs designed to 
interface data terminal equipment (DTE) with data 
circuit-terminating equipment (DCE). Additionally, 
the SN75186 has a loopback mode that may be 
used by a data communication system to perform 
a functional self test on each driver/receiver pair, 
removing the need to locally disconnect cables 
and install a loopback connector. Flexibility of 
control is ensured by each driver/receiver pair 
having its own loopback control input. The 
SN75186 is designed to conform to standards 
ANSI EIA/TIA-232-E and ITU Recommendation 
V.28. 

The maximum slew rate is limited to 30 V/\is at the 
driver outputs, and the SN75186 drives a 
capacitive load of 2500 pF at 20 kBaud. The 
receivers have input filters that disregard input 
noise pulses shorter than 1 ps. The SN751 86 is a 
robust device capable of withstanding ±30 V at 
driver outputs and at receiver inputs whether 
powered or unpowered. This device has an 
internal ESD protection rated at 4 kV to prevent 
functional failures. 

The SN75186 is characterized for operation from 
0°C to 70°C. 
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NC - No internal connection 

Function Tables 

EACH RECEIVER 



LOOPBACK 
LB 


INPUTS 


OUTPUT 
Z 


A Bt 


H 


X H 


L 


H 


X L 


H 


L 


L X 


L 


L 


H X 


H 



EACH DRIVER 



LOOPBACK 


INPUT 


OUTPUT 


LB 


A 


Yt 


H 


H 


L 


H 


L 


H 


L 


X 


L 



Voltages are EIA/TIA-232-E, and V.28 
levels 

H = high level, L = low level, X = irrelevant 



PRODUCTION DATA information Is current as of publication data. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic symbolt 



1LB 
2LB 
3LB 
4LB 

1A 
1Z 
2A 
2Z 
3A 

3Z 
4A 
4Z 



G1 
G2 
G3 
G4 



1V5-- 



1 JT 



2V6-- 



2J" 



3V7-- 



3JT 



4V8-- 



4IT 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW package. 

logic diagram, each driver/receiver pair (positive logic) 
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schematics of inputs and outputs 



EQUIVALENT RECEIVER INPUT 

vcci — T — V CC2 



ESD Protection 



B Input 




ESD Protection 



EQUIVALENT RECEIVER OUTPUT 



8V 

gnd r* 1 

8V 

ESD Protection 



V C C2 



Z Output 



GND 



V E E 



EQUIVALENT DRIVER AND LOOPBACK INPUT 

VCC1 — f- 



. , , _ _ V* Internal 

A input ■ T T L J~ 1'4-V Ref to GND 

ESD Protection £ * ' 1 Z Z Z 

gnd i- | [ r-n GND 



Vee- 



I 

ESD Protection 




EQUIVALENT DRIVER OUTPUT 



VCC1 




All component values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<xi (see Note 1 ) 15V 

Supply voltage, Vcc2 — • 7 v 

Supply voltage, Vee • ■ -15 V 

Receiver input voltage range, V| -30 V to 30 V 

Driver input voltage range, Vj (Vee + 2 V) to V<xi 

Loopback input voltage range, Vj 0 V to 7 V 

Driver output voltage range, Vq -30 V to 30 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Case temperature for 1 0 seconds: FN package 260°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: DW package 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 


PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


DW 


1350 mW 


10.8mW/°C 


864 mW 


FN 


1400mW 


11.2 mW/°C 


896 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcci 


10.8 12 13.2 


V 


Supply voltage, VcC2 


4.5 5 5.5 


V 


Supply voltage, Vee 


-10.8 -12 -13.2 


V 


Input voltage, V| 


Driver and loopback 


0 VcC2 


V 


Input voltage, V| (see Note 2) 


Receiver 


±30 


V 


High-level input voltage, Vm 


Driver and loopback 


2 


V 


Low-level input voltage, V|[_ 


Driver and loopback 


0.8 


V 


Output voltage powered on or off, Vq 


Driver 


±30 


V 


High-level output current, Ioh 


Receiver 


-4 


mA 


Low-level output current, Iql 


Receiver 


4 


mA 


Operating free-air temperature, T A 


0 70 


°C 



NOTE 2: If all receiver inputs are held at ±30 V, the thermal dissipation limit of the package may be exceeded. The thermal shutdown may not 
protect the device, as this dissipation occurs in the receiver input resistors. 
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DRIVER SECTION 



electrical characteristics over full recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Voh High-level output voltage 


Rl_ = 3 kQ, V|L = 0.8 V, See Figure 1 


7 


V 


VOL Low-level output voltage* 


R|_ = 3 kQ, Vm = 2 V, See Figure 1 


-7 


V 


VOH(LB) High-level output voltage in loopback modeW 


R|_ = 3kQ, LB at 0.8 V, V|l = 0.8V 


-7 


V 


. High-level input current (driver and loopback 

"~i innut«4^# 
ii ipuioy 


V| = 5 V, See Figure 2 


100 


HA 


. Low-level input current (driver and loopback 
IL inputs)* 




-100 


HA 


VOS(H) High-level short-circuit output current 


V| = 0.8V, V O = 0, 
See Note 3 and Figure 1 


-10 -20 -35 


mA 


v OS(L) Low-level short-circuit output current 


V| = 2 V 8 Vo = 0, 
See Note 3 and Figure 1 


10 20 35 


mA 


l(X1 Supply current from Vqci 


No load 


2.5 4 


mA 


'CC1 (LB) Supply current from VrjC1 w ' tn loopback on 


No load, LB at 0.8 V 


10 


mA 


lEE Supply current from Vee 


No load 


-2.5 -4 


mA 


'EE(LB) Supply current from Vee witn loopback on 


No load, LB at 0.8 V 


-10 


mA 


'CC2 Supply current from VfjC2 


No load, V| = 0, See Note 5 


-10 -100 


HA 


ICC2(LB) Supply current from VfjC2 witn loopback on 


No load, LB at 0.8 V, V| = 0, 
See Note 5 


-10 -100 


MA 


r 0 Output resistance 


vcci = Vee = Vcc2 = o, 

Vq = -2 V to 2 V, See Note 4 


0.3 5 


kQ 



t All typical values are at Ta = 25°C. 

$ The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic levels only. 
§This is the most positive level that the driver output will rise to when the device is in the loopback mode and the driver input is at a low level. 
^ The loopback mode should be entered only when the driver output is in the low (marking) state. 
# Unused driver inputs should be tied to 0 V or VcC2; unused loopback inputs should be tied to VcC2. 

NOTES: 3. Minimum loS(H) and 'OS(L) are specified at Vo = 0, as this more accurately describes the output current needed to dynamically drive 
capacitive lines. A minimum of ±1 0 mA is sufficient to drive 2500 pF in parallel with 3 kQ at a slew rate of 4 V/^is ( in accordance with 
EIA/TIA-232-EandV.28). 

4. Test conditions are those specified by EIA/TIA-232-E. 

5. Without a load and V| = 0, the worst-case conditions, Vqc2 sources a small current originating from Vqci giving lcC2 supply current 
a negative sign. When a receiver has an output load, Vcc2 sinks static and dynamic supply currents to meet load requirements. 
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switching characteristics over full recommended ranges of supply voltages and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Propagation delay time, low- to high-level 
PLH output 


R[_ = 3kQto7kQ, C|_= 15pF, 
See Figure 3 


0.6 5 


{IS 


Propagation delay time, high- to low-level 
PHL output 


0.8 5 


US 


tsk I tPLH~tPHL I 


RL = 3 kQ to 7 kQ, C|_ - 1 5 pF to 2500 pF 


0.2 1 


\iS 


SR Output slew rate 


R[_ = 3 kQ to 7 kQ, C_ « 1 5 pF to 2500 pF 


4 30 


V/jis 


. Propagation delay time going into loopback 
tpd(ILB) mode ^ 


R|_ = 3 kQ to 7 kQ, See Note 6 and Figure 7 


3 50 


MS 


Propagation delay time going out of 
tpdfOLB) loopback mode § 


R|_ = 3 kQ to 7 kQ, See Note 6 and Figure 7 


3 50 


MS 


tpd(LB) Propagation delay time in loopback mode 11 


R|_ = 3 kQ to 7 kQ, See Note 6 and Figure 8 


3 15 


MS 


t s |< Skew time in loopback mode 


R|_ = 3 kQ to 7 kQ, See Note 6 


4 10 


MS 



t All typical values are at Ta = 25°C. 
$ This is the delay between entering the loopback mode and when the data on the receiver output becomes valid. 
§ This is the worst-case (rising or falling edges) total propagation delay between driver input and receiver output when in the loopback mode. 
1f This is the magnitude of the difference between the propagation delay time of the rising and falling edges of tpd(LB)- 
NOTE 6: Skew time is the magnitude of the difference between tpHL and tp|_n and is measured with a 0 to 3-V input pulse. 
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RECEIVER SECTION 

electrical characteristics over full recommended ranges of supply voltages and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|T+ Positive-going input threshold voltage 


See Figure 5 


1.3 2 2.5 


V 


V| t_ Negative-going input threshold voltage 


See Figure 5 


0.5 1 1.7 


V 


v hys ln P ut hysteresis voltage (V| j + - V|x_) 




0.5 1 1.5 


V 


v OH High-level output voltage 


V| = -3 V or inputs open, IfjH = ~ 20 


3.5 


V 


Iqh = -4 mA, See Note 7 and Figure 5 


2.4 


Vql Low-level output voltage 


IOL = 4mA, V| = 3V, 
See Figure 5 


0.4 


V 


IqS(H) Short-circuit output current at high level 


Vqh = 0. See Figure 4 


-20 -60 


mA 


'OS(L) Short-circuit output current at low level 


Vql = V CC2» See Figure 4 


20 60 


mA 


rj Input resistance 


|V|| <25 V 


3 


kQ 


|V|| = 3Vto25V 


7 


NOTE 7: If the inputs are left unconnected, the receiver interprets this as a low input and the receiver outputs will remain in the high state. 

switching characteristics over full recommended ranges of supply voltages and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


See Figure 6 


2 6 


US 


tpHL Propagation delay time, high- tq low-level output 


2 6 


|iS 


tTLH Transition time, low- to high-level output* 


C|_ = 50pF, See Figure 6 


200 300 


ns 


tjHL Transition time, high- to low-level output* 


50 300 


ns 


*sk I tpLH-tPHL.1 




0.1 1 


MS 


t w Maximum pulse duration assumed to be noise§ 


Pulse amplitude = 5 V 


1 2 4 





t All typical values are at T/\ = 25°C. 

* Transition times are measured between 1 0% and 90% points on output waveform. 

§ The receiver will ignore any positive- or negative-going pulse whose duration is less than the minimum value of t w and accept any positive- or 
negative-going pulse whose duration is greater than the maximum value of t w . 
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PARAMETER MEASUREMENT INFORMATION 



V C C1 VCC2 




'OS(L) 

— (J)- VcciorGND 

-'OS(H) 

1. <[ — (J) V EE orGND 



R[_ = 3 kQ 



Figure 1. Driver Test Circuit, 
V0H» v OL» ! OS(L)» *OS(H) 



VCC1 VCC2 



llH ^ 



Figure 2. Driver and Loopback 
Test Circuit, >ih 




VCC1 VCC2 




v EE - 

DRIVER TEST CIRCUIT 



*L £ ^C L 

(see Note B) 



Input A ^ 1.5 V 
tPHL < 



I 



k ► tpLH 



3V 
0V 

VOH 



DRIVER VOLTAGE WAVEFORMS 
(see Note C) 



Figure 3. Driver Test Circuit and Voltage Waveforms 



V C C1 VcC2 




Vee " 



V C C2 



Figure 4. Receiver Test Circuit, Iqs(H)> 'OS(L) 



V CC1 V CC2 



v IT ,v,-J- jr^No-^<^ 



vee 



vol 

1 



^t.ou v j H |i" ,oH 



Figure 5. Receiver Test Circuit, V|j, Vql» Vqh 



NOTES: A. The pulse generator has the following characteristics: t w = 25 jis, PRR = 20 kHz, Zq = 50 CI 
B. C|_ includes probe and jig capacitance. 
6 V 



C. Slew rate = 



t r or t f 
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PARAMETER MEASUREMENT INFORMATION 

Vcd VCC2 



Pulse 
Generator 
(see Note A) 




(see Note B) 



^50% 50%^ 



*PHL ^—4" ^PLH 



Input B ^ 50% 

n 



OutnutZ 90% rt 50% 50% 
OUtpUtZ \ X 10% 10% 



5V 
-5V 



90% V OH 
VOL 



V E E " ± 

TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 6. Receiver Propagation and Transition Times 



Pulse 
Generator 
(see Note A) 



B = High- 




Loopback ""\ 50 o /o 5 0 o/ o /" 
Input LB | \ / | 

*°jf 50%^ 



tpd<ILB)^«-H |« — «pd(OLB) 

Receiver 
Output Z 



50% ■ 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 7. Loopback Entry and Exit Propagation Times 



Input 



Driver 




Driver 
Input A 



^50% 50%S^ 



50% 50% ■ 

L J II 



Receiver 
Output Z 



tpd(LB)^->j \4 — ►] — t pd(LB ) 



50%; 



Receiver 

TEST CIRCUIT 

Figure 8. Loop Propagation Times in Loopback Mode 

NOTES: A. The pulse generator has the following characteristics: t w = 25 jis, PRR = 20 kHz, Zo - 50 Q. 
B. C|_ includes probe and jig capacitance. 
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PRINCIPLES OF OPERATION 

In normal operation, the SN75186 acts as four Independent drivers and receivers; the loopback mode is held off by 
keeping logic inputs LB high. Taking a particular LB input low activates the loopback mode in the corresponding 
driver/receiver pair. This causes the output from that driver to be fed back to the input of its receiver through dedicated 
internal loopback circuitry. Data from the receiver output can then be compared, by a communication system, with 
the data transmitted to the driver to determine if the functional operation of the driver and receiver together is correct. 

In the loopback mode, external data at the input of the receiver is ignored and the driver does not transmit data onto 
the line. Extraneous data is prevented internally from being sent by the driver in the loopback mode by clamping its 
output to a level below the maximum interface voltage, -5 V, or the EIA/TI A-232-E marking state. Below this marking 
level, a reduced 1 .5-V output amplitude is used at the driver output. This signal is detected by an on-chip loopback 
comparator and fed to the input stage of the receiver to complete the loop. 

Line faults external to the SN751 86 are detected in addition to device failures. These line faults include short circuits 
to ground and to external supply voltages that are greater than (Vee + 7 V) and less than Vee typically. For example, 
with Vee = -1 2 V, line short circuits to voltages greater than -5 V and less than -12 V will be detected. The loopback 
mode should be entered only when the driver output is low, that is, the marking state of EIA/TIA-232-E. It is 
recommended that loopback not be entered when the driver output is in a high state as this may cause a low-level, 
nondamaging oscillation at the driver output. 

When in the loopback mode, approximately 95% of the SN75186 circuit is functionally checked. There exists some 
low probability of fault mechanisms in circuitry not being checked in the loopback mode. To reduce the chances of 
undetected failure, the unchecked circuitry has been designed to be more robust than that within the loopback test 
loop. The areas where special attention has been paid are the receiver input potential divider and resistors, the driver 
output blocking diode (D1 ), and parts of the driver clamp circuit. 

Protection of the SN751 86 is achieved by means of driver output current limits and a thermal trip. Although this device 
will withstand ±30 V at its receiver input, package thermal dissipation limitations have to be taken into consideration 
if more than one receiver is connected simultaneously. This is due to the possible dissipation in the 3 kQ minimum 
input resistors, which is not under the control of the thermal trip. Although the supply current is higher in the loopback 
mode than in normal operation, the total power dissipation is not sufficient under normal worst-case conditions (of 
receiver input V| = 1 5 V + 1 0%, receiver output voltage = 2.4 V at 4 mA, driver load of 3 kQ) to cause the thermal limiting 
circuitry to trip. 

If the SN751 86 goes into thermal trip, the output of the driver goes to a high-impedance state and the receiver output 
is held in a logic-high marking state. Both driver and receiver outputs maintain a marking state and do not allow 
indeterminate conditions to exist. 

The standards specify a minimum driver output resistance to ground of 300 Q when the device is powered off. To fully 
comply with EIA/TIA-232-E power-off fault conditions, many drivers need diodes in series with each supply voltage 
to prevent reverse current flow and driver damage. The SN75186 overcomes this need by providing a 
high-impedance driver output of typically 5 kQ under power-off conditions through the use of the equivalent of these 
series diodes in the driver output circuit. 
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Single IC and Single 5-V Supply Interface 
for Serial Communication Ports 
Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-232-E-1991, 
EIA/TIA-562, and ITU Recommendation V.28 
Switched-Capacitor Voltage Converter 
Eliminates Need for ±12-V Supplies 

Voltage Converter Operates With Low 
Capacitance ... 0.1 |iF Min 
Designed for Data Rates up to 120 kb/s 
Over 3-m Cable 

Available in Shrink Small-Outline 25-mil- 
Pitch Package 

Shutdown Mode to Save Power When Not 
in Use 

±30-V Receiver Input Voltage Range 

LinBiCMOS™ Process Technology 

Applications 

Laptop or Notebook Computers 
Portable Terminals 
Single-Board Computers 
Portable Test Equipment 



DB PACKAGE 





(TOP VIEW) 


DY3[ 


• 

1 


Oft 


1 NC 
J 


DY1[ 


O 

c. 




] RA3 


DY2[ 


3 


26 


] RY3 


RA2[ 


4 


25 


] SHUTDOWN 


RY2[ 


5 


24 


]NC 


DA2[ 


6 


23 


] RA4 


DA1[ 




22 


]RY4 


RY1[ 


8 


21 


]NC 


RA1[ 


9 


20 


]DA3 


GND[ 


10 


19 


]RY5 


v C ct 


11 


18 


]RA5 


C1+[ 


12 


17 


]v ss 


VddI" 


13 


16 


]C2- 


C1-[ 


14 


15 


]C2+ 


NC-No internal connection 



description 



The SN75LBC187 is a low-power LinBiCMOS™ device containing three drivers, five receivers, and a 
switched-capacitor voltage converter. The SN75LBC1 87 provides a single chip and single 5-V supply interface 
between the asynchronous communications element and the serial port connector of the data terminal 
equipment (DTE). This device has been designed to conform to ANSI Standards EIA/TIA-232-E, EIA/TIA-562, 
and ITU recommendation V.28. 

The switched-capacitor voltage converter of the SN75LBC1 87 uses four small external capacitors to generate 
the positive and negative voltages required by EIA/TIA-232-E (and V.28) line drivers from a single 5-V input. 
The drivers feature output slew-rate limiting to eliminate the need for external filter capacitors. The receivers 
can accept ±30 V without damage. The device also features a reduced power or shutdown mode that cuts the 
quiescent power to the IC when not transmitting data between the CPU and peripheral. 

The SN75LBC187 has been designed using LinBiCMOS™ technology and cells contained in the Texas 
Instruments LinASIC™ library. The SN75LBC1 87 is characterized for operation from 0°C to 70°C. 

NOTE: 

This device includes circuit designs and process technologies that have patents pending. 



LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated. 
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SN75LBC187 

MULTICHANNEL EIA-232 DRIVER/RECEIVER 
WITH CHARGE PUMP 

SLLS130C- SEPTEMBER 1991 - REVISED MAY 1995 . 



logic symbolt 



SHUTDOWN 
C1+ 
C1- 
C2+ 
C2- 

RA1 
RA2 
RA3 
RA4 
RA5 
DA1 
DA2 
DA3 



25 



12 



14 



15 



16 



vcc 

11^ 



[PWR DOWN] 



C1+ 
C1- 
C2+ 
C2- 



2VCC-1-5V 



-2 V C C +1-5 V 



13 



17 



9 


JT 


s 8 


4 


. 5 


-tr 


27 


s *> 


JT 


23 


s & 


JT 


18 


. 19 


JT 




. 2 


> 




N 3 


> 




S 1 


> 







logic diagram (positive logic) 



V D D 

vss 

RY1 
RY2 
RY3 
RY4 
RY5 
DY1 
DY2 
DY3 



f 10 
GND 

t This symbol is in accordance with ANSI/IEEE Std. 91 -1 984 and 
IEC Publication 617-12. 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ( see Note 1 ) ■ ■ • • 0.3 V to 6 V 

Positive output supply voltage range, V dd V CC -0.3 V to 1 5 V 

Negative output supply voltage range, V ss 0.3 V to - 1 5 V 

Input voltage range, Vj: RA ±30 V 

All other inputs -0.3 V to V C c + 3 V 

Output voltage range, V 0 : DY -2 V C c + 1.2 V to 2 V C c~ 1.2 V 

All other outputs -0.3 V to Vpc + 3 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T st g -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70«>C 
POWER RATING 


DB 


1025 mW 


8.2 mW/°C 


656 mW 



Texas 
Instruments 

2-704 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75LBC187 

MULTICHANNEL EIA-232 DRIVER/RECEIVER 
WITH CHARGE PUMP 

SLLS130C- SEPTEMBER 1991 - REVISED MAY 1995 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


High-level input voltage, Vm 


DA 


2 


V 


RA, SHUTDOWN 


2.4 


Low-level input voltage, V||_ 


RA, DA, SHUTDOWN 


0.8 


V 


Receiver input voltage, V| 


-25 25 


V 


High-level output current, IrjH 


RY 


-1 


mA 


Low-level output current, Iol 


RY 


3.2 


mA 


Output current, Iq 


V D D 


±10 


HA 


vss 


±10 


MA 


C1 , C2, C3, C4 charge pump capacitors 


0.1 0.47 




Operating free-air temperature, 7/\ 


0 70 


°C 


electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


Receiver 


lO = -1 mA 


3.5 


V 


Driver 


Rl_ = 3 kQ to GND 


5 7 


Vql Low-level output voltage 


Receiver 


lO = 3.2 mA 


0.4 


V 


Driver 


R|_ = 3kQtoGND 


-7 -5 


V|t + Receiver positive-going input voltage threshold 




1.7 2.4 


V 


V|T- Receiver negative-going input voltage threshold 




0.8 1.2 


V 


N/hys Receiver input hysteresis voltage (V|t+ - V| j-) 




0.5 1 


V 


r\ Receiver input resistance 


VcC = 5V, T A = 25°C 


3 5 7 


kQ 


r 0 Driver output resistance 


V C C = 0, V 0 = ±2V 


300 


CI 


l| Input current (DA, SHUTDOWN) 


V| = 0toV C C 


±50 


pA 


Iqs Driver output short-circuit current 


v 0 = o 


±10 


mA 


Ice Supply current 


Normal operation 


All outputs open, SHUTDOWN at 2.4 V 


15 30 


mA 


Shutdown mode 


All outputs open, SHUTDOWN at 0.1 V 


10 


MA 



t All typical values are at Vcc = 5 V and Ta = 25°C. 
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switching characteristics over recommended operating conditions, = 25°C (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


tpLH Propagation delay time, low- to high-level output 


Receiver 


R|_ = 5 kQ, CL = 50 pF, 
See Figure 1 


1.25 


MS 


Driver 


Rl_ = 3 kQ, CL=1200pF, 
See Figure 2 


1.25 


MS 


tpHL Propagation delay time, high- to low-level output 


Receiver 


RL = 5 kQ, C[_ = 50 pF, 
See Figure 1 


1.25 


MS 


Driver 


R|_ = 3kfl, CL=1200pF, 
See Figure 2 


1.25 


MS 


t r Rise time, driver output 


R L = 3 kQ, Ci = 50 pF, 
Vo = -3Vto3V, SeeNote2 


200 


ns 


R|_ = 3 kQ, C L = 2500pF, 
Vo = -3.3 V to 3.3 V, See Note 3 


1.5 


MS 


tf Fall time, driver output 


R[_ = 3 kQ, - CL = 50pF, 
Vo = 3Vto-3V 


200 


ns 


RL - 3 kQ, Cl = 2500 pF, 
Vq = 3.3 V to -3.3 V 


1.5 


MS 



NOTES: 2. The 200 ns for the output to change from -3 V to 3 V (or vice versa) corresponds to the 30 V/ms maximum slew rate of El A/TI A-232-E, 
El A/TIA-562, and ITU Recommendation. V.28. 
3. The more stringent requirement for transition times comes from the EIA/TIA-562, which requires the rise and fall times to be 
measured from 3.3 V. 
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PARAMETER MEASUREMENT INFORMATION 

vcc 



vcc 



Input 



V| T ,V| 




Output 



Input 
(see Note B) 



Output 



W-^tpHL L_^ tpLH 



90%; 



10% 



•VOH 

vol 



Figure 1. Receiver Test Circuit and Waveforms 
vcc 



Input — 1 



V|T,V! 



3RD 



t 

J_ CL = 1200pF 
^ (see Note A) 



Output 



Input 



Output 




Figure 2. Driver Test Circuit and Waveforms 

NOTES: A. C|_ includes probe and jig capacitance. 

B. The pulse generator has the following characteristics: t w = 8.33 \is, PRR = 60 kHz, t r = tf < 50 ns. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-707 



SN75LBC187 

MULTICHANNEL EIA-232 DRIVER/RECEIVER 
WITH CHARGE PUMP 

SLLS130C - SEPTEMBER 1991 - REVISED MAY 1995 



APPLICATION INFORMATION 



TL16C550 
ACE 



Rl 
DTR 
CTS 
SO 
RTS 
SI 
DSR 
DCD 



5V 



r 



10 



19 



20 



22 



C1 
0.1 
10V 

Hh 



12 



14 



C1 

GND 

RY5 
DA3 
RY4 
DA2 
DA1 
RY3 
RY2 
RY1 

VCC 

SHUTDOWN 



C1- 



SN75LBC187 



C2 



V D D 

RA5 
DY3 
RA4 
DY2 
DY1 
RA3 
RA2 
RA1 

vss 

C2- 



C5 
4.7 |iF 
6.3 V 



CS 



25 



C2 
0.1 \iF 
10V 



16 



13 



27 



C3 

0.1 mF 
16V 



18 Rl 



DTR 



23 CTS 



TX 



RTS 



RX 



DSR 



DCD 



T 

T 



-+ 9 



EIA/TIA-232-E 

DB9S 

Connector 



6 



C4 

0.1 ^iF 
16V 



NOTE: C1 , C2, C3, and C4 are Z5U-type ceramic-chip capacitors. 

Figure 3. Typical SN75LBC187 Connection 
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MC1488, SN55188, SN75188 
QUADRUPLE LINE DRIVERS 



SLLS094B - SEPTEMBER 1983 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 
Designed to Be Interchangeable With 
Motorola MC1488 

Current-Limited Output: 10 mA Typ 
Power-Off Output Impedance: 300 Cl Min 
Slew Rate Control by Load Capacitor 
Flexible Supply Voltage Range 
Input Compatible With Most TTL Circuits 



description 



The MC1488, SN55188, and SN75188 are 
monolithic quadruple line drivers designed to 
interface data terminal equipment with data 
communications equipment in conformance with 
ANSI EIA/TIA-232-E using a diode in series with 
each supply-voltage terminal as shown under 
typical applications. 

The SN55188 is characterized for operation over 
the full military temperature range of -55°C to 
1 25°C. The MC1 488 and SN751 88 are character- 
ized for operation from 0°C to 70°C. 

FUNCTION TABLE 
(drivers 2 through 4) 



A 


B 


Y 


H 


H 


L 


L 


X 


H 


X 


L 


H 



H = high level, L = low level, 
X = irrelevant 



SN55188 ... J OR W PACKAGE 
MC1488, SN75188 . . . D OR N PACKAGE 
(TOP VIEW) 

rrxr h 

1 14]V C C + 
13]4B 
12 ]4A 
11 ]4Y 
10 ]3B 
9 ]3A 
8 ]3Y 



SN55188...FK PACKAGE 
(TOP VIEW) 

I + 

o o 

< GO Cm 
^ > Z > ^ 

uuuuu 




1Y ] 4 
NC ] 5 
2A ] 6 
NC ] 7 
2B ]8 



3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 4A 
17[ NC 
16[ 4Y 
15[ NC 
14[ 3B 



> a g > < 

(M Z Z CO CO 
0 

NC - No internal connection 



logic symbolt 



1A 
2A 
2B 
3A 
3B 
4A 
4B 



2 


> 


S 3 


4 




v. 6 




5 


8 


9 




10 


11 


12 




13 







1Y 



logic diagram (positive logic) 

j -H>o— * 



1A 



■2Y 



■3Y 



■4Y 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



Pin numbers shown are for the D and N packages. 



2A 
2B 

3A 
3B 

4A 
4B 



10 



12 



13 



o 



6 



1Y 



2Y 



»3Y 



11 



4Y 



Positive logic 

Y = AJdriver1X 

Y = AB or A + B (drivers 2 thru 4) 
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MC1488, SN55188, SN75188 
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schematic (each driver) 



vcc 



► To Other 
Drivers 



Input(s) 




Output 



GND 



VCC- 

> Other Drivers 

Resistor values shown are nominal. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55188 


MC1488 
SN75188 


UNIT 


Supply voltage, Vrjc+» at (or below) 25°C free-air temperature (see Notes 1 and 2) 


16 


15 


V 


Supply voltage, VrjC-f at (or below) 25°C free-air temperature (see Notes 1 and 2) 


-15 


-15 


V 


Input voltage range, V| 


-15to7 


-15 to 7 


V 


Output voltage range, Vq 


-16to16 


-15to15 


V 


Continuous total power dissipation (see Note 2) 


See Dissipation Rating Table 


Operating free-air temperature range, Ta 


-55 to 125 


0to70 


°c 


Storage temperature range, T s tg 


-65 to 150 


-65 to 150 


°c 


Case temperature for 60 seconds 


FK package 


260 




°c 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 


D or N package 


260 




•c 
°c 


Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 60 seconds 


J or W package 


300 





t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1. AH voltage values are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature, refer to the maximum supply voltage curve, Figure 6. In the FK and J packages, 
SN551 88 chips are alloy mounted. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 126°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 




FK 


1375 mW 


11.0 mW/°C 


880 mW 


275 mW 


J 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 




W 


1000mW 


8.0 mW/°C 


640 mW 


200 mW 



recommended operating conditions 





SN55188 


MC1488, SN75188 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, V<x + 


7.5 9 15 


7.5 9 15 


V 


Supply voltage, Vqc- 


-7.5 -9 -15 


-7.5 -9 -15 


V 


High-level input voltage, V|h 


1.9 


1.9 


V 


Low-level input voltage, V|l 


0.8 


0.8 


V 


Operating free-air temperature, Ta 


-55 125 


0 70 


°c 
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electrical characteristics over operating free-air temperature range, V C c± = ±9 V (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


SN55188 


MC1488, SN75188 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


v OH 


High-level output voltage 


V|L = 0.8V, 


V C C + = 9V, 
V C C-=-9V 


6 


7 




6 


7 




v 


R|_ = 3 kQ 


V C C+- 13.2 V, 
V C C- = -13.2 V 


9 


10.5 




9 


10.5 




Vm 

V UL 


Low-level output voltage 


V|h-1.9V, 


V CC+ = 9V, 
V C C-=-9V 




-7? 


-6 




-7 


-6 


V 


R|_ = 3 kQ 


V C C+ = 13.2 V, 
V CC _ = -13.2 V 




-10.5* 


-9 




-10.5 


-9 


"IH 


High-level input current 


V| = 5V 


10 


10 


pA 


'IL 


Low-level input current 


V| = 0 




-1 


-1.6 




-1 


-1.6 


mA 


'OS(H) 


Short-circuit output 

mirrpnt at hinh IpvpI§ 

vUl 1 wl 11 Cli 1 ll^l 1 IvVvIv 


V| = 0.8V, 


V O v=0 


-4.6 


-9 


-13.5 


-6 


-9 


-12 


mA 


'OS(L) 


Short-circuit output 
current at low level§ 


V| = 1.9V, 


v 0 = o 


4.6 


9 


13.5 


6 


9 


12 


mA 




Outnut rp<4istanftp» 
power off 


vcc + = o, 

VQ = -2Vto2V 


v C c- = o, 


300 


300 


ft 






VCC+-9V, 


All inputs at 1.9 V 




15 


20 




15 


20 








No load 


All inputs at 0.8 V 




4.5 


6 




4.5 


6 




•cc+ 


Supply current from 


VCC+ = 12V, 


All inputs at 1.9 V 




19 


25 




19 


25 


mA 


vcc + 


No load 


All inputs at 0.8 V 




5.5 


7 




5.5 


7 






Vcc+ = 15V, 


All inputs at 1.9 V 


34 


34 








No load, Ta = 25°C 


All inputs at 0.8 V 


12 


12 








V CC _ = -9V, 


All inputs at 1.9 V 




-13 


-17 




-13 


-17 








No load 


All inputs at 0.8 V 


-0.5 


-0.015 




'cc- 


Supply current from IqC- 


V C C- = -12V, 


All inputs at 1.9 V 




-18 


-23 




-18 


-23 


mA 


No load 


All inputs at 0.8 V 


-0.5 


-0.015 






V C C- = -15V, 


All inputs at 1.9 V 


-34 


-34 








No load,T A = 25°C 


All inputs at 0.8 V 


-2.5 


-2.5 




PD 


Total power dissipation 


VCC+ = 9V, 
No load 


V C C- = -9V, 


333 


333 


mW 


VCC+ = 12V, 
No load 


V C C- = -12V, 


576 


576 



t All typical values are at Ta - 25°C. 
$ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic voltage 

levels only, e.g., if -6 V is a maximum, the typical value is a more negative voltage. 
§ Not more than one output should be shorted at a time. 
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switching characteristics, Vqc± = ±9 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time,, low- to high-level output 


RL = 3kQ, C[_ = 15 pF, 
See Figure 1 


220 350 


ns 


tpHL Propagation delay time, high- to low-level output 


100 175 


ns 


tfLH Transition time, low- to high-level outputt 


55 100 


ns 


tjHL Transition time, high- to low-level outputt 


45 75 


ns 


*TLH Transition time, low- to high-level outputt 


R|_ = 3 kQ to 7 kQ, Cl = 2500 pF, 
See Figure 1 


2.5 


JiS 


trHL Transition time, high- to low-level outputt 


3.0 


MS 



t Measured between 1 0% and 90% points of output waveform. 

$ Measured between 3 V and -3 V points on the output waveform (EIA/TIA-232-E conditions). 



Input 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 



P"t y ^5V \ 15V 



Output 

(see Note B) 



Output 



tPHL M— *j N — H tpLH 

^SOo/o SOo/o/ 53 ^ 
| \ 10% 10%^ | 



3V 
• 0V 

vol 



TEST CIRCUIT 



tfHL — * w — — * * — tTLH 
VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 0.5 \is, PRR < 1 MHz, Zo = 50 Q. 
B. Cl includes probe and jig capacitance. 

Figure 1 . Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 



> 



i 

i 



VOLTAGE TRANSFER CHARACTERISTICS 



12 
9 
6 
3 
0 
-3 
-6 
-9 
-12 



VcC+ = 12V,V C C- = -12V 

— 1 — h— 1 — I — h- 

VcC + = 9V,Vcc- = -9V 



_Vcc+ = 6V,V C C- = -6V 



RL = 3 kQ 
T A = 25°C 

_l L_ 



0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 
V|- Input Voltage -V 

Figure 2 



OUPUT CURRENT 
vs 

OUTPUT VOLTAGE 



o 

3 
Br 
3 

O 
O 



20 
16 
12 
8 
4 
0 
-4 
-8 
-12 
-16 



-20 



V C C + =9V 












TA = 


25°C 




\ 


OL(Vi 


= 1.9' 


/) 










i- 
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3-k 
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SHORT-CIRCUT OUTPUT CURRENT 

vs 

FREE-AIR TEMPERATURE 
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SLEW RATE 
vs 

LOAD CAPACITANCE 
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C|_ - Load Capacitance - pF 

Figure 5 



t Data for temperatures below 0°C and above 70°C are applicable to SN55188 circuit only. 
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vs 
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Figure 6 

t Data for temperatures below 0°C and above 70°C are applicable to SN551 88 circuit only. 



is 

h 



V CC+ = 12V 
Vcc- = "12V 



1/4SN55188 
or SN 751 88 

1/4SN55188 
orSN75188 

1/4SN55188 
or SN 75 188 



1/4SN55188 
orSN75188 



APPLICATION INFORMATION 



rr 



rr 



T 



I 



1 kQ 



Output to RTL 
-0.7 V to 3.7 V 



Output to DTL 
-0.7 V to 5.7 V 



Output to HNIL 
-0.7 V to 10 V 



Output to MOS 
-10Vto0V 



<10kQ 
-12V 



'188 



±15V 



Output 



H4- 



vcc + 

— I 



v C c + I 



'188 



vcc- 



vcc- 



Diodes placed in series with the Vqc+ an d Vcc- ' eac ' s w '" 
protect the SN55188/SN75188 in the fault condition in which 
the device outputs are shorted to ± 1 5 V and the power supplies 
are at low voltage and provide low-impedance paths to ground. 

Figure 8. Power Supply Protection to Meet 
Power-Off Fault Conditions of 
ANSI EIA/TIA-232-E 



Figure 7. Logic Translator Applications 
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Bi-MOS Technology With TTL and CMOS 
Compatibility 

Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 
Very Low Quiescent Current . . . 95 llA Typ 
V C c± = ±12V 

Current-Limited Outputs . . . 10 mA Typ 
CMOS- and TTL-Compatible Inputs 
On-Chip Slew Rate Limited to 30 V/lis max 
Flexible Supply Voltage Range 
Characterized at V C c± of ±4.5 V and ±15 V 
Functionally Interchangeable With Texas 
Instruments SN75188, Motorola MC1488, 
and National Semiconductor DS14C88 



D, DBt, OR N PACKAGE 
(TOP VIEW) 



v C c-[ 


1 


u 

14 


]v cc+ 


1A[ 


2 


13 


]4B 


1Y[ 


3 


12 


]4A 


2A[ 


4 


11 


]4Y 


2B[ 


5 


10 


]3B 


2Y[ 


6 


9 


]3A 


GND[ 


7 


8 


]3Y 



t The DB package is only avalable left-end taped 
and reeled, i.e., order device SN75C1 88DBLE. 

Function Tables 

DRIVER 1 DRIVERS 2 THRU 4 



description 



B 


Y 


H 


L 


L 


H 



A 


B 


Y 


H 


H 


L 


L 


X 


H 


X 


L 


H 



H = high level, L = low level, X = don't care 



The SN65C188 and SN75C188 are monolithic, 
low-power, quadruple line drivers that interface 
data terminal equipment with data 
communications equipment. These devices are 
designed to conform to ANSI Standard 
EIA/TIA-232-E. 

An external diode in series with each supply-voltage terminal is needed to protect the SN65C188 and 
SN75C188 under certain fault conditions to comply with EIA/TIA-232-E. 

The SN65C188 is characterized for operation from -40°C to 85°C. The SN75C188 is characterized for 
operation from 0°C to 70°C. 



logic symbol* 



1A 
2A 
2B 
3 A 
3B 
4A 
4B 



2 


> 


3 


4 




6 


&> 


5 


8 


9 




10 


11 


12 




13 







1Y 



2Y 



3Y 



4Y 



logic diagram (positive logic) 

-t>- 



*This symbol is in accordance with ANSI/IEEE Std 91-1984 
andlEC Publication 61 7-1 2. 



1A 

2A 
2B 
3A 
3B 
4A 
4B 



1Y 



12 ' ^ 



2Y 



3Y 



4Y 



positive logic 

Y = AJd river 1)_ 

Y = AB or A + B (drivers 2 through 4) 
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schematics of inputs and outputs 



EACH INPUT 



vcc* 



Input A 



Input B 

(drivers 2, 3 
and 4 only) 



GND 



(driver 1 only) 



Internal 
— 1.4-VRef 
to GND 



vcc- 



EACH OUTPUTt 
f 



h-O 



vcc + 



74 ft 



Output 




GND 



VCC- 



t All resistor values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, V<x+ (see Note 1) 15 V 

Supply voltage, Vqc- (see Note 1 ) - 1 5 V 

Input voltage range, V| V CC- t0 V CC+ 

Output voltage range, Vq Vcc- -6 V to Vcc+ +6 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 7^: SN65C188 -40°C to 85°C 

SN75C188 0°Cto70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to the network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


DB 


525 mW 


4.2mW/°C 


336 mW 


273 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



Texas 
Instruments 

2-718 POST OFFICE BOX 665303 • DALLAS, TEXAS 75265 



SN65C188, SN75C188 
QUADRUPLE LOW-POWER LINE DRIVERS 

SLLS033E - JANUARY 1 988 - REVISED MAY 1 995 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x+ 


4.5 12 15 


V 


Supply voltage, Vcc- 


-4.5 -12 -15 


V 


Input voltage, V| 


V C C-+2 V C C+ 


V 


High-level Input voltage, V|h 


2 


V 


Low-level Input voltage, V|l 


0.8 


V 


Operating free-air temperature, Ta 


SN65C188 


-40 85 


°c 


SN75C188 


0 70 



electrical characteristics over operating free-air temperature range, Vqc+ = 12 V, Vqc- = -12 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


V|L = 0.8V, R L = 3kQ 


Vcc+ = 5V, 
V C C-=-5V 


4 


V 


VCC+ = 12V, 
V C C- = -12V 


10 


v Low-level output voltage 
01 (see Note 2) 


V|H = 2V, R L = 3kQ 


VCC+ = 5V, 
V C C-=-5V 


-4 


V 


VCC+ = 12V, 
V C C- = -12V 


-10 


l|H High-level input current 


V| =5V 


10 


MA 


Low-level input current 


V| =0 


-10 


ma 


, High-level short-circuit 
0S ( H ) output current* 


V| = 0.8 V, V O = 0 or V C C- 


-5.5 -10 -19.5 


mA 


. Low-level short-circuit 
0S ( L ) output current* 


V| = 2V, V O = 0orV C C+ 


5.5 10 19.5 


mA 


ro Output resistance, power off 


v CC+= 0» VcC- = 0, V| = -2Vto2V 


300 


Q 


ICC + Supply current from Vqc + 


VCC+ = 5V, V CC _ = -5V, 
No load 


All inputs at 2 V or 0.8 V 


90 160 


HA 


VCC+ = 12V, V CC - = -12V ( 
No load 


All inputs at 2 V or 0.8 V 


95 160 


Ice - Supply current from v*cc - 


VCC+ = 5V, V CC _ = -5V, 
No load 


All inputs at 2 V or 0.8 V 


-90 -160 




V C C+ = 12V, V C C- = -12V, 
No load 


All inputs at 2 V or 0.8 V 


-95 -160 



t All typical values are at Ta = 25°C. 

t Not more than one output should be shorted at a time. 

NOTE 2: The algebraic convention, in which the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 



levels only; e.g., if -4 V is a maximum, the typical value is a more negative voltage. 
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switching characteristics, Vcc+ = 12 V, Vqc- = -12 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level outputt 


R|_ = 3 kQ, C[_ = 15 pF, 


3 


JiS 


tPHL 


Propagation delay time, high- to low-level outputt 


See Figure 1 


3.5 


US 


*TLH 


Transition time, low- to high-level outputt 




0.53 




3.2 


MS 


tTHL 


Transition time, high- to low-level outputt 




0.53 




3.2 


|IS 


*TLH 


Transition time, low- to high-level output§ 


R|_ - 3 kQ to 7 k«, C|_ = 2500 pF, 


1.5 


MS 


*THL 


Transition time, high- to low-level output§ 


See Figure 1 


1.5 


US 


SR 


Output slew rate§ 


RL = 3 kCl to 7 kQ, Cj_ = 15 pF 


6 


15 


30 


V/ns 



t Measured at the 50% level 

t Measured between the 1 0% and 90% points on the output waveform 

§ Measured between the 3 V and -3 V points on the output waveform (EIA/TIA-232-E conditions), all unused inputs tied either high or low 



Input 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 1.5 V- 



r l : 



TEST CIRCUIT 



Output 



H-^tpHL *-*\— tp LH 



(see Note B) 



Output 



\\ 90% 90% jT 
pi 50% 50% /I 

. I I . I T 



tTHL">| j«- -*j ft-tTLH 
VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 25 \is, PRR = 20 kHZ, Zq = 50Q, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 1. Test Circuit and Voltage Waveforms 



3V 

ov 

v 0 H 

vol 



2-720 
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TYPICAL CHARACTERISTICS 



VOLTAGE TRANSFER CHARACTERISTICS 
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V C C± = ±15V 














— V C C± = ±12V 
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1 1 1 

VCC+=±9V 






I I 
— V C C±=±5 
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I I 
V C C±=±9V ' 


















VCC± = ±12V 
















n[_ = o km 
~ Ta = 25°C 






VCC±=±5V 
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Figure 2 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATUREt 
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-15 
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Ta - Free-Air Temperature - °C 
Figure 4 
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vs 

OUTPUT VOLTAGE 
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V C C± = ±12V 
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Figure 3 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATUREt 
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-12 



I I 




vo 


h(Vcc 


;± = ±1 


2 V, \ 


<\ = 0.8 


V) 


R L = 3 














- v 0 


H(VC( 


3± = ± 


5V.V, 


= 0.8> 


0 






_ v 0 


.(V CC 


i± = ±« 


5V,V| 


= 2 V) 
























vol 


.(Vcc 


± = ±1 


2V,V, 


= 2V) 
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Figure 5 



t Only the 0°C to 70°C portion of the curves applies to the SN75C1 88. 
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TYPICAL CHARACTERISTICS 



INPUT CURRENT 
vs 

FREE-AIR TEMPERATURE! 
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Figure 6 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATUREt 
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Figure 8 



POWER-OFF OUTPUT RESISTANCE 
vs 

FREE-AIR TEMPERATUREt 



500 

a 475 

I 

450 



<2 

V) 

8 425 

CC 

I- 400 

3 

o 

? 375 



2 325 
300 







X5- = 


o 


























vc 


) = -2 


V — \ 






















0 = 2 


V 











































































-40 -20 0 20 40 60 80 100 120 
Ta - Free-Air Temperature - °C 

Figure 7 

OUTPUT SLEW RATE 
vs 

FREE-AIR TEMPERATUREt 
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" Slew Rate 

- Positive Transition " 
RL = 3 kQ 



V C C± = ±12V 
C L = 15pF 
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Figure 9 



t Only the 0°C to 70°C portion of the curves applies to the SN75C1 88. 
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TYPICAL CHARACTERISTICS 



PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATUREt 



OUTPUT TRANSITION TIME 
vs 

FREE-AIR TEMPERATUREt 
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Figure 10 

t Only the 0°C to 70°C portion of the curves applies to the SN75C1 88. 
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Figure 11 



APPLICATION INFORMATION 

| ^ >-» » Output to RTL 



Input From 
TTL, DTL, or CMOS ' 



1/4'C188 



T T ^0.7 V to 3.7 
3V ~ 

""I \ ^ » ^ Output to DT 

1 J T T -0.7 V to 5.7 

1/4'C188 I A 

5V "=■ 

1 v Output to 

t» f 10-VCMC 

| / I -0.7 V to 

1/4 *C188 m 

1/4'C188 X 



Output to HNIL or 
CMOS 
10V 



Output to MOS 
-10Vto0V 



10 kQ 

V CC ± = ±12V _ 12V 

Figure 12. Logic Translator Applications 
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APPLICATION INFORMATION 



SN75C188 



+ 15V 



Output 



T vcc+ 



SN75C188 



vcc- 



vcc + 



v CC - 

JL 

NOTE A: External diodes placed in series with the Vrjc + and VrjC- leads w '" protect the SN75C1 88 in the fault condition where the device outputs 
are shorted to ± 1 5 V and the power supplies are at low voltage and provide low-impedance paths to GNO. 

Figure 13. Power Supply Protection to Meet Power-Off Fault Conditions of Standard EIA/TIA-232-E 



2-724 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



MC1489, MC1489A, SN55189, SN55189A, SN75189, SN75189A 

QUADRUPLE LINE RECEIVERS 



SLLS095B - SEPTEMPER 1973 - REVISED MAY 1995 



• Input Resistance . . . 3 kQ to 7 k£2 

• Input Signal Range . . . ±30 V 

• Operate From Single 5-V Supply 

• Built-in Input Hysteresis (Double 
Thresholds) 

• Have Response Control that Provides: 

Input Threshold Shifting 
Input Noise Filtering 

• Meet or Exceed the Requirements of ANSI 
EIA/TIA-232-E and ITU Recommendation 
V.28 

• Fully Interchangeable With Motorola™ 
MC 1489 and MC1489A 



SN55189, SN55189A ... J OR W PACKAGE 
MC1489, MC1489A, SN75189, SN75189A 
D. N, OR NSf PACKAGE 
(TOP VIEW) 




tThe NS package is only available left-end taped and reeled. 
For SN75189, i.e., order SN75189NSLE. 



description 

These devices are monolithic low-power Schottky 
quadruple line receivers designed to satisfy the 
requirements of the standard interface between 
data terminal equipment and data communication 
equipment as defined by ANSI EIA/TIA-232-E. A 
separate response control terminal is provided for 
each receiver. A resistor or a resistor and bias 
voltage source can be connected between this 
terminal and ground to shift the input threshold 
levels. An external capacitor can be connected 
between this terminal and ground to provide input 
noise filtering. 

The SN55189 and SN55189A are characterized 
for operation over the full military temperature 
range of -55°C to 125°C. The MC1489, 
MC1489A, SN75189, and SN75189A are 
characterized for operation from 0°C to 70°C. 

logic symbol* 



1A- 



1 CONT-2- 

2A- 
2CONT-5- 

3A- 
3C0NT-IL 



4A- 



1 


THRSADJ 


N 3 




N 6 








X 8 








S 11 













1Y 



J> 2Y 



! 3Y 



- 4Y 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the D, J, N, NS, and W packages. 



SN55189, SN55189A . . . FK PACKAGE 
(TOP VIEW) 



O 

o 



o 8 < 

z > 



1Y 
NC 
2A 
NC 
2CONT 



LJLJLJLJI I 

3 2 1 20 19 



]4° ' 18[ 

]5 17[ 

3 6 16[ 

17 15[ 

18 14[ 3A 

M 9 10 11 12 13 

nnnnn 



4CONT 
NC 
4Y 
NC 



> Q O > fcz 
C\J z z n z 

o o 
o 

CO 

NC - No internal connection 



logic diagram (positive logic) 



Response 
Control 



Motorola is a trademark of Motorola, Incorporated. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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schematic (each receiver) 

• •- V C C 

9k£2< < 5kQ < 1.66 kQ 

n Output Y 




QND 





MC1489 
SN55189 
SN75189 


MC1489A 
SN55189A 
SN75189A 


R1 


8.4 kQ 


1.84 kQ 



Resistor values shown are nominal. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 





SN55189 
SN55189A 


MC1489, MC1498A 
SN75189 
SN75189A 


UNIT 


Supply voltage, Vrjc (see Note 1) 


10 


10 


V 


Input voltage, V| 


±30 


±30 


V 


Output current, lo 


20 


20 


mA 


Continuous total power dissipation 


See Dissipation Rating Table 


Operating temperature range, T/\ 


-55 to 125 


0to70 


°C 


Storage temperature range, T s t g 


-65 to 150 


-65 tO 150 


°C 


Case temperature for 60 seconds: FK package 


260 




°C 


Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J or W package 


300 


300 


°C 


Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: D, N, or NS package 




260 


°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminals. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 26°C 


T A = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 




950mW 


7.6 mW/°C 


608 mW 


N/A 


FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


Jt 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


N/A 


NS 


625 mW 


4.0 mW/°C 


445 mW 


N/A 


W 


1000mW 


8.0 mW/°C 


640 mW 


200 mW 



t In the J package, SN55189 and SN55189A chips are either silver glass or alloy mounted. 
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electrical characteristics over operating free-air temperature range, V C c = 5 V ± 1% (unless 
otherwise noted) 





PARAMETER 


TEST 
FIGURE 


TEST CONDITIONSt 


SN55189 
SN55189A 


MC1489, MC1489A 
SN75189 
SN75189A 


UNIT 












MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 












T A = 25°C 


1 


1.3 


1.5 


1 


1.3 


1.5 










'89 


T A = 0°C to 70°C 




0.9 




1.6 




V|T + 


Positive-going input 


1 




TA = -5§°Cto125°C 


0.6 




1.9 




V 


threshold voltage 




Ta = 25°C 


1.75 


1.9 


2.25 


1.75 


1.9 


2.25 








'89A 


Ta = 0°C to 70°C 




1.55 




2.25 












Ta = -55°C to125°C 


1.30 




2.65 








Negative-going input 
threshold voltage 






Ta = 25°C 


0.75 


1.0 


1.25 


0.75 


1.0 


1.25 




V|T- 


1 


'89, '89A 


TA = 0°Cto70°C 




0.65 




1.25 


V 








TA = -55°Cto125°C 


0.35 




1.6 






VOH 


niyi i icvci 




V| = 0.75 V, 


lOH = -0.5 mA 


2.6 


4 


5 


2.6 


4 


5 


V 


output voltage 


1 


Input open, 


lOH = -0.5 mA 


2.6 


4 


5 


2.6 


4 


5 


vol 


Low-level 
output voltage 


1 


V| = 3 V, 


Iql = 1 0 mA 




0.2 


0.45 




0.2 


0.45 


V 


l|H 


High-level 


2 


V| = 25 V 


3.6 




8.3 


3.6 




8.3 


mA 


input current 


V| = 3V 


0.43 


0.43 


IlL 


Low-level 


2 


V| = -25V 


-3.6 




-8.3 


-3.6 




-8.3 


mA 


input current 


V| = -3V 


-0.43 


-0.43 


'OS 


Short-circuit 
output current 


3 




-3 


-3 


mA 


ice 


Supply current 


2 


V| = 5 V, 


Outputs open 




20 


26 




20 


26 


mA 



t All characteristics are measured with the response control terminal open, 
t All typical values are at Vqc = 5 V, Ta = 25°C. 

switching characteristics, Mqq = 5 V, Cl = 15 pF, Ta = 25°C 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 




R|_ = 3.9 kQ 


25 


85 


ns 


tpHL 


Propagation delay time, high- to low-level output 


, 4 


Rl_ = 390 Q 


25 


50 


tTLH 


Transition time, low- to high-level output 


R|_ = 3.9 kQ 


120 


175 


ns 


tTHL 


Transition time, high- to low-level output 




R|_ = 390 q 


10 


20 
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PARAMETER MEASUREMENT INFORMATION 

v cc 




Open 
Unless 
Otherwise 
Specified 



-•oh 



Figure 1. V, T+ , V IT _ , Vqh , V 0L 



j 'CC (see Note A) 



Open 



Response Control Open 

NOTE A. Ice is tested for ail four receivers simultaneously. 




Figure 2. I| H , , Ice 



vcc 




Control 
Open 

Figure 3. Iqs 



t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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PARAMETER MEASUREMENT INFORMATION 

vcc 




Response 
Control 
Open 



TEST CIRCUIT 



< 10 ns 



<10ns 



Input 



Output 




tTLH-*| 



VOLTAGE WAVEFORMS 



NOTES: B. The pulse generator has the following characteristics: Zo = 50 Q, t w = 500 ns. 

C. Cl includes probe and jig capacitances. 

D. All diodes are 1 N3064 or equivalent. 



Figure 4. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 

SN65189, SN75189 
OUTPUT VOLTAGE 
vs 

JNPUT VOLTAGE 





R C 

v c 


= 5 kf 
= 5 V 


\ 


P 
V 


C = 13l 
C = 5V 




Rc= 00 




1 

y 


/ C = -5V 




Vcc = 5 V 
Ta = 25°C 






































See F 


gure 1 












































V| T - 






V|T + 


V 


IT-i 


i 


rV| T+ 


VIT-, 




f\ 




vr 






rV| T+ 

































































































> 

I 

CD 
O 



3 

O 

I 

>° 



-3 



0 1 
V|- Input Voltage -V 

Figures 



SN65189A, SN75189A 
OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 





R C = 

v c = 


= 5kQ 

:5V 












Rc = 


OO 






RC = 1 

v c = - 


1 kQ 
-5V 


V C C = 5V 
T A = 25°C 


































SeeF 


igure 1 






































k 


k V 


IT- 




' V, T+ 








V|T-' 




vi T ; 


f 




V, T J 






t 












































































■3 




2 




1 




0 




1 




1 




3 




4 





> 

I 

<D 
O) 

iS 



o 

I 

>° 



V| -Input Voltage -V 
Figure 6 
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TYPICAL CHARACTERISTICSt 



> 

i 

o 



> 



2.4 
2.2 

2 
1.8 
1.6 
1.4 
1.2 

1 

0.8 
0.6 
0.4 



INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 























































'89A 


V|T + 


































_» 


39 V| 


r+ 










Si 




















^89V|T- 


















'89A Vit 



















































-100 -75 -50 -25 0 25 50 75 100 125 150 
Ta - Free-Air Temperature - °C 

Figure 7 





2 




1.8 


> 

i 


1.6 


<D 




o> 


1.4 


JS 




1.2 


T3 




O 


1 


1 




JC 

1- 


0.8 


3 




CL 
C 


0.6 


1 

t 


0.4 


> 






0.2 




0 



INPUT THRESHOLD VOLTAGE 
vs 

SUPPLY VOLTAGE 









_ I — 

'89AVi Tj . . 






























- '89 ^ 


^IT- 


























l_ 














'89V, T+ 














'89A 


^IT- 









































































4 5 6 7 8 
Vcc - Supply Voltage - V 

Figure 8 



10 



E 
< 



SN75189 
NOISE REJECTION 




40 100 400 1000 4000 10000 
t w - Pulse Duration - ns 



> 

i 



3 3 



a 
E 
< 



SN75189A 
NOISE REJECTION 




40 100 400 1000 4000 10000 
t w - Pulse Duration - ns 



NOTE A: These figures shows the maximum amplitude of a positive-going pulse that, starting from 0 V, will not cause a change of the output 
level. 



Figure 9 



Figure 10 



t Data for free-air temperatures below 0°C and above 70°C are applicable to SN55189 and SN55189A circuits only. 
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TYPICAL CHARACTERISTICS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 



I I I 

Vcc = 5V 














Control Open 
Ta = 25°C 















































































































































































-25 -20 -15 -10 -5 0 5 10 15 20 25 
V|- Input Voltage - V 

Figure 11 
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QUADRUPLE LOW-POWER LINE RECEIVERS 
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Meets or Exceeds the Requirements of 

ANSI EIA/TIA-232-E and ITU 

Recommendation V.28 

Low Supply Current . . . 420 jiA Typ 

Preset On-Chip Input Noise Filter 

Built-in Input Hysteresis 

Response and Threshold Control Inputs 

Push-Pull Outputs 

Functionally Interchangeable and Pin 
Compatible With Texas Instruments 
SN75189/SN75189A, Motorola 
MC1489/MC1489A, and National 
Semiconductor DS14C88A 



description 



The SN65C189, SN65C189A, SN75C189, and 
SN75C1 89A are low-power bipolar quadruple line 
receivers that are used to interface data terminal 
equipment (DTE) with data circuit-terminating 
equipment (DCE). These devices have been 
designed to conform with ANSI Standard 
EIA/TIA-232-E. 

The SN65C189 and SN75C189 have a 0.33 V 
typical hysteresis compared with 0.97 V for the 
SN65C1 89A and SN75C1 89A. Each receiver has 
provision for adjustment of the overall input 
threshold levels. This is achieved by choosing 
external series resistors and voltages to provide 
bias levels for the response control pins. The 
output is in the high logic state if the input is left 
open circuited or shorted to ground. 



D, DBt, N, OR NSt PACKAGE 
(TOP VIEW) 



1A[ 


• 

1 


14 


]v C c 


1 CONT[ 


2 


13 


]4A 


1Y[ 


3 


12 


] 4 CONT 


2A[ 


4 


11 


]4Y 


2 CONT[ 


5 


10 


]3A 


2Y[ 


6 


9 


] 3 CONT 


GND[ 




8 


]3Y 



t The DB and NS packages are only available left-end taped and 
reeled, i.e., order SN75C189ADBLE or SN75C1 89ANSLE. 

logic symbol* 



1A 

1 CONT 

2A 

2 CONT 

3A 

3 CONT 

4A 

4 CONT 



10 



13 



12 



THRESHOLD 
ADJUST 



s 


s 6 


s 


8 


N 


11 



1Y 



2Y 



3Y 



4Y 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

logic diagram (each receiver) 

A 



Response 
Control 



These devices have an on-chip filter that rejects 

input pulses of shorter than 1 -lls minimum duration. An external capacitor may be connected from the control 
pins to ground to provide further input noise filtering for each receiver. 

The SN65C189, SN75C189, SN65C189A, and SN75C189A have been designed using low-power techniques 
in a bipolar technology. In most applications, these receivers will interface to single inputs of peripheral devices 
such as UARTs, ACEs, or microprocessors. By using sampling, such peripheral devices are usually insensitive 
to the transition times of the input signals. If this is not the case or for other uses, it is recommended that the 
SN65C189, SN75C189, SN65C189A, and SN75C189A outputs be buffered by single Schmitt input gates or 
single gates of the HCMOS, ALS, or 74F logic families. 

The SN65C189 and SN65C189A are characterized for operation from -40°C to 85°C. The SN75C189 and 
SN75C1 89A are characterized for operation from 0°C to 70°C. 
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schematic of inputs and outputs 



EQUIVALENT OF EACH INPUTT 



Input 



Response 
Control 



3.4 kQ 




ESD 
Protection 



1.5 kn 



530 ft 



I 




EQUIVALENT OF EACH OUTPUT 




vcc 



Output 



t All resistor values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vqc (see Note 1 ) . — 7 V 

Input voltage range, V| . -30 V to 30 V 

Output voltage range, V 0 -0.3 V to V C c+ 0.3 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN65C1 89, SN65C1 89A -40°C to 85°C 

SN75C189, SN75C189A 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A = 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


DB 


525 mW 


4.2 mW/°C 


336 mW 


273 mW 


N 


1150 mW 


9.2mW/°C 


736 mW 


598 mW 


NS 


500 mW 


4.0mW/°C 


320 mW 


260 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 6 


V 


Input voltage, V| (see Note 2) 


-25 25 


V 


High-level output current, Iqh 


-3.2 


mA 


Low-level output current, Iql 


3.2 


mA 


Response control current 


±1 


mA 


Operating free-air temperature, Ta 


SN65C189.SN65C189A 


-40 85 


°C 


SN75C189, SN75C189A 


0 70 



NOTE 2: The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only, e.g., if - 1 0 V is a maximum, the typical value is a more negative voltage. 



electrical characteristics over recommended free-air temperature range, V C c = 5 V ±10% (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|T+ Positive-going input threshold voltage 


'C189 


See Figure 1 


1 1.5 


V 


'C189A 


1.6 2.25 


V| t_ Negative-going input threshold voltage 


•C189 


See Figure 1 


0.75 1.25 


V 


•C189A 


0.75 1 1.25 


V n ys Input hysteresis voltage (V|j + - V| j_) 


'C189 


See Figure 1 


0.15 0.33 


V 


'C189A 


0.65 0.97 


Voh High-level output voltage 


Vcc = 4.5 V to 6 V, V| = 0.75 V, 
l 0 H = -20 \iA 


3.5 


V 


Vcc = 4 -5 V to 6 V, V| = 0.75 V, 
Iqh= -3.2 mA 


2.5 


Vql Low-level output voltage 


Vcc = 4.5Vto6V, V|=3V, 
Iql = 3.2 mA 


0.4 


V 


l|H High-level input current 


See Figure 2 


V| = 25 V 


3.6 8.3 


mA 


V| = 3V 


0.43 1 


l|L Low-level input current 


See Figure 2 


V|=-25V 


-3.6 -8.3 


mA 


V|=-3V 


-0.43 -1 


lOS Short- circuit output current 


See Figure 3 


-35 


mA 


ICC Supply current 


V|=5 V, No load, 
See Figure 2 


420 700 


ma 



t All typical values are at Ta = 25°C 



NOTE 3: All characteristics are measured with response control terminal open. 



switching characteristics, Vcc = 5 V ±10%, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


R[_ = 5 kQ, Cj_ = 50 pF, See Figure 4 


6 


us 


tPHL Propagation delay time, high- to low-level output 


6 


MS 


*TLH Transition time, low- to high-level output* 


500 


ns 


tjHL Transition time, high- to low-level output* 


300 


ns 


t w (N) Duration of longest pulse rejected as noise§ 


1 6 


US 



$ Measured between 1 0% and 90% points of output waveform. 

§ The receiver ignores any positive- or negative-going pulse that is less than the minimum value of t W (N) and accepts any postive- or negative-going 
pulse greater than the maximum of t w (N). 
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PARAMETER MEASUREMENT INFORMATION 

vcc 




■•oh 



Open Unless 
Otherwise Specified 



Response 
Control 
Open 

Figure d I|h,I|l>>CC 

vcc 




Response 
Control 
Open 

Figure 3. Iqs 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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PARAMETER MEASUREMENT INFORMATION 

vcc 



Pulse 
Generator 
(see Note A) 




Response 
Control 
Open 



R L = 5 kQ 



TEST CIRCUIT 



Output 



C L = 50 pF 
(see Note B) 



Input 



1.5 V 1.5 V 



3V 
0V 



tPHL-4* 



tpi_H 



90% 



Output 



I i 



|\ 1.5 V 1.5 V/l 

I \ 10% 10%/ I 



90% 



V 0 H 

vol 



tTLH 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq = 50 £J, t w = 25 |is. 
B. C|_ includes probe and jig capacitances. 



Figure 4. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



SN75C189 

INPUT THRESHOLD VOLTAGE (POSITIVE-GOING) 
vs 

FREE-AIR TEMPERATURE! 



> 

i 



1.5 



1.4 



1.3 



a. 
c 

7 



1.2 



1.1 



v 


CC = 5. 


5 V 





























































-40 -20 0 20 40 60 80 100 
Ta - Free-Air Temperature - °C 

Figure 5 
SN75C189 

INPUT THRESHOLD VOLTAGE (NEGATIVE-GOING) 

vs 

FREE-AIR TEMPERATUREt 



1.2 



n 
o 



V C C = 5.5V 



SN75C189A 

INPUT THRESHOLD VOLTAGE (POSITIVE-GOING] 
vs 

FREE-AIR TEMPERATUREt 



2.4 



7 2.2 
o 

O) 

5 2 
o 



S> 1.8 

JZ 

l- 

I 1.6 

+ 
J— 

> 1.4 
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- 5 I 
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1.2 

-40 -20 0 20 40 60 80 100 
Ta - Free-Air Temperature - °C 

Figure 6 

SN75C189A 

INPUT THRESHOLD VOLTAGE (NEGATIVE-GOING) 
vs 

FREE-AIR TEMPERATUREt 



1.15 



1.1 



> 

I 

o 

CD 

B 

2 

1 1.05 
I 

t 1 

3 
Q. 
C 

1 0.95 



0.9 



n — r 

V C C = 5V 




0.8' — 

-60 -40 -20 0 20 40 60 80 100 
Ta - Free-Air Temperature - °C 

Figure 7 

t Only the 0°C to 70°C portion of the curves applies to the SN75'. 



0.85 



-40 -20 0 20 40 60 80 100 
Ta - Free-Air Temperature - °C 

Figure 8 



2-738 



ffr Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN65C189, SN65C189A, SN75C189, SN75C189A 
QUADRUPLE LOW-POWER LINE RECEIVERS 



SLLS041 D - OCTOBER 1 988 - REVISED MAY 1 995 



TYPICAL CHARACTERISTICS 



SN75C189 
INPUT HYSTERESIS 
vs 

FREE-AIR TEMPERATURET 



0.40 
0.38 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 



t Only the 0°C to 70°C portion of the curves applies to the SN75'. 
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TYPICAL CHARACTERISTICS 
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Figure 13 
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Figure 14 
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Figure 15 

t Only the 0°C to 70°C portion of the curves applies to the SN75'. 
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TYPICAL CHARACTERISTICS 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 



t Only the 0°C to 70°C portion of the curves applies to the SN75'. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



2-741 



SN65C189, SN65C189A, SN75C189, SN75C189A 
QUADRUPLE LOW-POWER LINE RECEIVERS 



SLLS041 D - OCTOBER 1988 - REVISED MAY 1995 



TYPICAL CHARACTERISTICS 
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Figure 21 
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Figure 22 
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Figure 23 
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t Only the 0°C to 70°C portion of the curves applies to the SN75'. 
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SN75ALS191 
DUAL DIFFERENTIAL LINE DRIVER 



SLLS032B - DECEMBER 1987 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI Standard EIA/TIA-422-B and ITU 
Recommendation V.11 
Designed to Operate at 20 Mbaud or Higher 
TTL-and CMOS-Input Compatibility 
Single 5-V Supply Operation 
Output Short-Circuit Protection 
Improved Replacement for the jiA9638 



description 



The SN75ALS1 91 is a dual, high-speed, differential 
line driver designed to meet ANSI Standard 
EIA/TIA-422-B and ITU Recommendation V.11. 
The inputs are TTL- and CMOS-compatible and 
have input clamp diodes. Schottky-diode-clamped 
transistors minimizes propagation delay time. This 
device operates from a single 5-V power supply 
and is supplied in 8-pin packages. 

The SN75ALS191 is characterized for operation 
from 0°C to 70°C. 



logic symbolf 



1A 



2A 



2 


> 


8 


N 7 


3 


6 




v 5 







1Y 
1Z 
2Y 
2Z 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and !EC Publication 617-12. 



D OR P PACKAGE 
CTOP VIEW) 




FUNCTION TABLE 
(each driver) 



INPUT 
A 


OUTPUTS 


Y Z 


H 
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H L 
L H 



logic diagram (positive logic) 
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schematics of inputs and outputs 



vcc 



Input 



EQUIVALENT OF EACH INPUT 



40 kQ NOM 



1 



TYPICAL OF ALL OUTPUTS 



f v C c 



I — j } Output 




GND 



absoiute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 

Supply voltage, V<x (see Note 1 ) — 7 V 

Input voltage, V| 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg — - 65°C to 1 50°C 

Lead temperature 1,6 mm (1/1 6 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values except differential output voltage (Vqd) a re with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 


DERATING FACTOR 


Ta = 70°C 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 



2-744 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V|i_ 


0.8 


V 


High-level output current, Iqh 


-50 


mA 


Low-level output current, Iol 


50 


mA 


Operating free-air temperature, Ta 


0 70 


°C 


electrical characteristics over operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


Vcc = 4.75 V, l| = -18mA 


-1 -1.2 


V 


Voh High-level output voltage 


Vcc = 4 - 75 v ' V IH = 2 V, 
V| L = 0.8V 


Iqh = - 10 mA 


2.5 3.3 


V 


Iqh = - 40 mA 


2 


Vql Low-level output voltage 


Vcc = 4.75 V, V IH = 2V, V| L = 0.8V, 
lOL = 40 m A 


0.5 


V 


IVqdi 1 Differential output voltage 


Vcc = 5.25 V, ! 0 = ° 


2 V 0 D2 


V 


IVOD2 1 Differential output voltage 


VCC = 4-75 V to 5.25 V, R|_ = 1 00 Q, 
See Figure 1 


2 


V 


■ . Change in magnitude of 
00 differential output voltage* 


±0.4 


V 


Vqc Common-mode output voltage§ 


3 


V 


... . Change in magnitude of 
OC common-mode output voltage t 


±0.4 


V 


lO Output current with power off 


v C c = o 


Vq = 6V 


0.1 100 


HA 


V 0 = - 0.25 V 


-0.1 -100 


V O = -0.25Vto6V 


±100 


l| Input current 


Vcc = 5.25 V, Vj = 5.5V 


50 


MA 


l|H High-level input current 


Vcc = 5 - 2 5 V, V| = 2.7 V 


25 


ma 


l|l_ Low-level input current 


Vcc = 5.25 V, V| = 0.5V 


200 


HA 


Iqs Short-circuit output current^ 


Vcc = 5-25 V, Vq = 0 


-50 -150 


mA 


ICC Supply current (all drivers) 


Vcc = 5.25 V, No load, All inputs at 0 V 


32 40 


mA 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

$ I Vqd 1 and I Voc 1 are tne changes in magnitude of Vqd and v OC> respectively, that occur when the input is changed from a high level to a low 
level. 

§ In ANSI Standard EIA/TIA-422-B, Vqc. which is the average of the two output voltages with respect to ground, is called output offset voltage, 

v os . 

it Only one output at a time should be shorted, and duration of the short circuit should not exceed one second. 



switching characteristics over recommended operating free-air temperature range, Vqc = 5 V 



PARAMETER 


TEST CONDITIONS 


MIN TYP# MAX 


UNIT 


td(OD) Differential-output delay time 


C|_ = 1 5 pF, Rl = 1 00 Q, See Figure 2 


3.5 7 


ns 


tt(OD) Differential-output transition time 


3.5 7 


ns 


Skew 


1.5 4 


ns 



# Typical values are at Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 



Input ' 




t 

VOD2 

I 



50 Q 



50 Q 



voc 

l 



Figure 1. Differential and Common-Mode Output Voltages 



Input 



Y Output 



Generator 
(see Note A) 
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td(OD) — 
Differential ' / 90 ° /o 

0utput 10% 



H-W— td(OD) 



ov 



H90% 90% "fc 



C|_ *-p Cl = 15 pF 
4z (see Note B) 



Y Output 



-*| l^-*t(OD) ~>l K"t t ( 0 D) 
Vqh 



/ 



50% 



'I 



Z Output 



Skew->( |4- 

— \ 



50% 



50% \ 

I 

Skew-W 
50% 



vol 



VQH 



-vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse generator has the following characteristics: Zq = 50 A PRR < 500 kHz, t w = 1 00 ns, t r = < 5 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms 
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Meets or Exceeds the Requirements of 

ANSI Standard EIA/TIA-422-B and ITU 

Recommendation V.11 

Designed to Operate Up to 20 Mbaud 

3-State TTL Compatible 

Single 5-V Supply Operation 

High Output impedance in Power-Off 
Condition 

Complementary Output Enable Inputs 
Improved Replacement for the AM26LS31 



description 



These four differential line drivers are designed for 
data transmission over twisted-pair or 
parallel-wire transmission lines. They meet the 
requirements of ANSI Standard EIA/TIA-422-B 
and ITU Recommendations V.11 and are 
compatible with 3-state TTL circuits. Advanced 
low-power Schottky technology provides high 
speed without the usual power penalties. Standby 
supply current is typically only 26 mA, while typical 
propagation delay time is less than 10 ns. 

High-impedance inputs maintain low input 
currents, less than 1 liA for a high level and less 
than 100 liA for a Jow level. Complementary 
enable inputs, G and G, allow these devices to be 
enabled at either a high input level or low input 
level. The SN75ALS192 is capable of data rates 
in excess of 20 megabits per second and is 
designed to operate with the SN75ALS193 
quadruple line receiver. The SN55ALS192 is also 
capable of data rates in excess of 20 megabits per 
second and designed to operate with the 
SN55ALS193; however, it may be limited to a 
lower bit rate based on the temperature (refer to 
the dissipation rating table and Figure 15). 

The SN55ALS192 is characterized for operation 
over the full military temperature range of -55°C 
to 125°C. The SN75ALS192 is characterized for 
operation from 0°C to 70°C. 



SN55ALS192 . . . J OR W PACKAGE 
SN75ALS192 . . . D OR N PACKAGE 
(TOP VIEW) 




SN55ALS192 . . . FK PACKAGE 
(TOP VIEW) 

O 



1Z 
G 
NC 
2Z 
2Y 



]4 
]5 
]6 
]7 
]8 



ULJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 4Y 
17[ 4Z 
16[ NC 
15[ G 
14[ 3Z 



< D O < > 
<^ Z Z 00 00 

o 

NC - No internal connection 



FUNCTION TABLE 
(each driver) 



INPUT 
A 


ENABLES 


OUTPUTS 


G G 


Y Z 


H 


H X 


H L 


L 


H X 


L H 


H 


X L 


H L 


L 


X L 


L H 


X 


L H 


Z Z 



H m high level, L = low level, 

Z = high impedance (off), X = irrelevant 



production data information is current as of publication date. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mSm 
standard warranty. Production processing does not necessarily include 
testing of all p 
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logic symbolt 



12 



>1 



EN 



logic diagram (positive logic) 

!5D 
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1A 



2A 



3A 



4A 



to 



15 



fir* 



1Y 
1Z 

2Y 
2Z 

3Y 
3Z 

4Y 
4Z 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 
Pin numbers shown are for the D, J, N, and W packages. 

schematics of inputs and outputs 



EQUIVALENT OF EACH 
DATA (A) INPUT 



v C c- 



Input- 




m rr? 



EQUIVALENT OF EACH 
ENABLE INPUT 



Input 




m m 



EQUIVALENT OF EACH 
OUTPUT 



v C c 



Output 



Texas 
Instruments 

2-748 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN55ALS192, SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



SLLS007C - JULY 1 985 - REVISED MAY 1 995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage, V| 7 V 

Off-state output voltage 6 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN55ALS1 92 - 55°C to 1 25°C 

SN75ALS192 0°Cto70°C 

Storage temperature range, T stg - 65°C to 1 50°C 

Case temperature for 60 seconds, Tq: FK package 260°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: J package 300°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: D, N, or W package 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values except differential output voltage, Vqd, are witn respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°G 


608 mW 


N/A 


FK 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


Jt 


1375mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


N/A 


W 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



t In the J package, the SN55ALS1 92 chips are either alloy or silver glass mounted. 



recommended operating conditions 





SN55ALS192 


SN75ALS192 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5.25 


V 


High level input voltage, V|h 


2 


2 


V 


Low-level input voltage, V|l 


0.8 


0.8 


V 


High-level output current, Ioh 


-20 


-20 


mA 


Low-level output current, Iol 


20 


20 


mA 


Operating free-air temperature, Ta 


-55 125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SN55ALS192 


SN75ALS192 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|k Input clamp voltage 


Vcc = MIN, l|=-18mA 


-1.5 


-1.5 


V 


Voh High-level output voltage 


Vcc = MIN, Ioh = - 20 mA 


2.4 




w 
V 


Vql Low-level output voltage 


Vcc = MIN, loL = 20mA 


0.5 


0.5 


V 


Vq Output voltage 


VCC = MAX, l O = 0 


0 6 


0 6 


V 


IVqdi 1 Differential output voltage 


Vcc - MIN, Iq = 0 


1.5 6 


1.5 6 


V 


1 VqD2' Differential output voltage 


R[_ = 1 00 Q, See Figure 1 


1/2VOD1 
or2§ 


1/2VQD1 
or2§ 


V 


|y . Change in magnitude of 
aivod 1 differential output voltage ^ 


RL=100Q, See Figure 1 


± 0.2 


±0.2 


v 


v Common-mode output 
v ° c voltage* 


±3 


±3 


V 


Change in magnitude of 
AlVoc' common-mode output 
voltage 1f 




_i_ n o 

It KJ.c. 


V 


Iq Output current with power off 


v C c = o 


Vo = 6V 


100 


100 


jjA 


Vo = - 0.25 V 


-100 


-100 


. Off-state (high-impedance 
^ z state) output current 


Vcc -MAX 


Vo = 0.5 V 


-20 


-20 


ma 


Vq = 2.5V 


20 


20 


. Input current at maximum 
' input voltage 


V C c = MAX, V|«7V 


100 


100 


ma 


l|H High-level input current 


Vcc - MAX, V| = 2.7V 


20 


20 


ma 


l|l_ Low-level input current 


Vcc = MAX, V| = 0.4V 


-200 


-200 


ma 


Ifjs Short-circuit output current ' ' 


V C C = MAX 


-30 -150 


-30 -150 


mA 


Ice Supply current (all drivers) 


Vcc = MAX, 

All outputs disabled 


26 45 


26 45 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V and Ta = 25°C. 

§ The minimum VoD2 witn a 1 °0-Q load is either 1/2 VoD1 or 2 v > whichever is greater. 

^ I Vod 1 and 1 v OC I are tne changes in magnitude of VrjD and v OC» respectively, that occur when the input is changed from a high level to a low 
level. 

* In ANSI Standard EIA/TIA-422-B, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, 
/OS- 

11 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, = 25°C (see Figure 2) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpi_H Propagation delay time, low-to-high-level output 


S1 and S2 open, Cl = 30 pF 


6 13 


ns 


tpHL Propagation delay time, high-to-low-level output 


9 14 


ns 


Output-to-output skew 


3 6 


ns 


tpZH Output enable time to high level 


S1 open and S2 closed 


11 15 


ns 


*PZL Output enable time to low level 


S1 closed and S2 open 


16 20 


ns 


tPHZ Output disable time from high level 


S1 open and S2 closed, Cl ■ 10 pF 


8 15 


ns 


tPLZ Output disable time from low level 


S1 and S2 closed, Cl - 1 0 pF 


18 20 


ns 
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PARAMETER MEASUREMENT INFORMATION 




VQD2 



50 ft 



50 ft 



T 

voc 

1 



Figure 1. Differential and Common-Mode Output Voltages 



Input A 



^1.3 V N ^1.3V 



3V 



OV 



(seeNoteA) I J" 

Output Y I 1.5 V / 

Skew -M K- 

tPHLH* H 



-*t~ tpHL 

V f V 0H 

>V 

vol 



Output Z 



\ 



1.5 V 



Skew +| fc- 



V 0 H 

vol 



PROPAGATION DELAY TIMES AND SKEW 



Enable G 
Enable G 



5 V See Note B 1 



<j 3V 



tpzL -t«- 



tPLZ 



r ^_^| S1 Closed 
I S2 Closed 



1 J «4.5 V 

Waveform 1 | S1 Closed \ 1 - 5V 
(see Note C) | S2 Open I 

tpZH l« *j 

Waveform 2 S1 Open . 
(see Note C) S2 Closed / 1 >5 v 



tPHZ 



i 0.5 V 



*1.5V 



-vol 



— «ov 



«1.5V 

0.5 V 

51 Closed 

52 Closed 



ENABLE AND DISABLE TIMES 



VOLTAGE WAVEFORMS 



Test 
Point 



From Output . 
Under Test 



(see Note D) 



;75Q 



S2 

-cr^b- 



vcc 



180 ft 



1 



TEST CIRCUIT 

NOTES: A. When measuring propagation delay times and skew, switches S1 and S2 are open. 

B. Each enable is tested separately. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. C|_ includes probe and jig capacitance. 

E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo * 50 Q, t r < 1 5 ns, and tf £ 6 ns. 

Figure 2. Test Circuit and Voltage Waveforms 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-751 



SN55ALS192, SN75ALS192 

QUADRUPLE DIFFERENTIAL LINE DRIVERS 

SLLS007C - JULY 1 985 - REVISED MAY 1 995 



TYPICAL CHARACTERISTICSt 
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o 
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O 
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I 

>° 



Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 



5 
4.5 

4 
3.5 



3 
2.5 



2 
1.5 
1 

0.5 



No Load 

Outputs Enabled 
Ta = 25°C 



V C c - 5.5 V 

I I 



V CC =5V- 

I I 



V C C = 4.5 V 



0.5 1 1.5 2 2.5 
V| - Data Input Voltage - V 

Figure 3 
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0) 
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O 
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I 



Y OUTPUT VOLTAGE 
VS 

DATA INPUT VOLTAGE 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



V CC = 5V ' 

_ Ontmite PnahloH 










No Load 












— I — 

T A = 125°C 














































= 25°C 




T A = 


ro°c 










T A = 0°C 


















= -55°C 
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0.5 1 1.5 2 2.5 
Vj -Data Input Voltage -V 

Figure 4 
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O 
>- 

I 
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4 
3.5 



3 
2.5 

2 
1.5 

1 

0.5 
0 



Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



Vcc = 5-5V 



Vcc = 5 V 



Vcc = 4.5V 



V| = 2V 
RL = 470 Q to GND 
See Note A 
Ta = 25°C 

i i 



> 

I 



3- 

3 

O 



>° 



Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



5 
4.5 

4 

3.5 



3 
2.5 



2 
1.5 
1 

0.5 
0 



V C C = 5V ' 
V| = 2 V 

R|_ = 470 Q to GND 
. See Note A 
Ta = 125°C 



T A = 70°C 



T A = 25°C 



/T A = 0°C 



Ta = - 55°C 



0.5 1 1.5 2 2.5 
V| - Enable G Input Voltage - V 



0 0.5 1 1.5 2 2.5 3 ( 
Vg - Enable G Input Voltage -V 

NOTE A: The A input is connected to Vqc during the testing of the Y outputs and to ground during the testing of the Z outputs. 

Figure 5 Figure 6 

t Data for temperatures below 0°C and above 70°C and below 4.75 V and above 5.25 V are applicable to SN55ALS192 circuits only. 
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TYPICAL CHARACTERISTICSt 



Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



> 

i 4 

U) 

I 3 



o 
>■ 

I 

>° 



V C C = 5.5V 




RL = 470QtO Vcc 
See Note A 
T A = 25°C 


V C C = 5 V 






V C C = 4.5V 











































































0.5 1 1.5 2 2.5 
V| - Enable G Input Voltage - V 

Figure 7 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



5 
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4 
3.5 



3 
2.5 



2 
1.5 
1 

0.5 
0 



V C C = 5V 

l». , - Of! ret A 












See 


Note A 















































































































































-75 -50 -25 0 25 50 75 100 
Ta - Free-Air Temperature - °C 

Figure 9 



125 



Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



> 

i 



i 3 

Q. 

"3 
o 

>- 2 

i 

>° 



T" 



V CC = 5V 

RL = 470fltO Vcc 
See Note B 



Ta = 125°C 
T A = 70°C 
T A = 25°C 

t a = o°c 

ic^LTA = -55X 



0.5 1 1.5 2 2.5 
V| - Enable G Input Voltage - V 

Figure 8 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 





5 


> 


4.5 


I 

o 


4 


JS 




s 


3.5 


*■> 
3 




a 

3 


3 


o 




§ 


2.5 


<D 




£ 


2 






I 
I 


1.5 
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1 




0.5 




0 



See Note A 

Ta - OROf; 
































































vcc 


= 5.5 


V 














i i i 
^V CC = 5V 














I 1 

v ^V C C = 4.5V 














































































V 







-20 -40 -60 -80 
'OH - High-Level Output Current - mA 

Figure 10 



-100 



t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS1 92 circuits only. 
NOTES: A. The A input is connected to Vqc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
B. The A input is connected to GND during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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TYPICAL CHARACTERlSTICSt 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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<D 

B 



O 

I 

.3 

I 
-i 

I 

-j 
>° 



0.5 
0.45 

0.4 
0.35 



0.3 



0.25 
0.2 

0.15 
0.1 

0.05 
0 



vcc 

IOL= 
See 


= 5V 

OA mA 
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o 0.5 

o 

^ 0.4 
o 

0.3 
0.2 
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See Note A 
Ta = 25°C 
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~ = 4 


5 V 




































vcc 


5 = 5 




























































VC( 


3 = 5. 


5V 

































































.75 -50 -25 0 25 50 75 100 125 
T/\ - Free-Air Temperature - °C 

Figure 11 



0 10 20 30 40 50 60 70 80 90 100 
'OL ~ Low-Level Output Current - mA 

Figure 12 



NOTE A: The A input is connected to GND during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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vs 

SUPPLY VOLTAGE 
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A Inputs Open or Grounded 
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No Load 
T A = 25°C 















































































































1 2 3 4 5 6 
Vcc ~ Supply Voltage - V 

Figure 13 



1 2 3 4 5 6 
Vcc - Supply Voltage - V 

Figure 14 



t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS192 circuits only. 
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TYPICAL CHARACTERISTICS 
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SUPPLY CURRENT 
vs 

FREQUENCY 



60 
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40 



30 
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10 



I I I llllll — II I I H ill — T 
V C C = 5V 
Input = 0 to 3 V 
- Duty Cycle = 50% 

C L = 30 pF to All Outputs 




10 k 100 k 1 M 10 M 

f - Frequency - Hz 



100 M 



Figure 15 
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Meets or Exceeds ANSI Standard 
EIA/TIA-422-B and EIA/TIA-423-A and ITU 
Recommendations V.10 and V.11 
Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 
3-State Outputs 

Common-Mode Input Voltage Range 
-7 V to 7 V 

Input Sensitivity . . . ±200 mV 
Input Hysteresis . . . 120 mV Typ 
High Input Impedance . . . 12 k£2 Min 
Operates from Single 5-V Supply 
Low Supply Current Requirement 
35 mA Max 

Improved Speed and Power Version of the 
AM26LS32A 



SN75ALS193 . . . D, J OR N PACKAGE 
(TOP VIEW) 



1B[ 


1 


u 16 


]v C c 


1A[ 


2 


15 


]4B 


1Y[ 


3 


14 


]4A 


G[ 


4 


13 


]4Y 


2Y[ 


5 


12 


]G 


2A[ 


6 


11 


]3Y 


2B[ 


7 


10 


]3A 


GND [ 


8 


9 


]3B 



description 



The SN75ALS193 is a monolithic quadruple line receiver with 3-state outputs designed using advanced 
low-power Schottky technology. This technology provides combined improvements in bar design, tooling 
production, and wafer fabrication. This, in turn, provides significantly less power requirements and permits much 
higher data throughput than other designs. These devices meet the specifications of ANSI Standards 
EIA/TIA-422-B and EIA/TIA-423-A and ITU Recommendations V.10 and V.11. It features 3-state outputs that 
permit direct connection to a bus-organized system with a fail-safe design that ensures the outputs will always 
be high if the inputs are open. 

The device is optimized for balanced multipoint bus transmission at rates up to 20 megabits per second. The 
input features high input impedance, input hysteresis for increased noise immunity, and an input sensitivity of 
± 200 mV over a common-mode input voltage range of -7 to 7 V. It also features active-high and active-low 
enable functions that are common to the four channels. The SN75ALS1 93 is designed for optimum performance 
when used with the 'ALS192 quadruple differential line driver. 

The SN75ALS1 93 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 


ENABLES 


OUTPUT 


A-B 


G G 


Y 


V| D >0.2V 


H X 
X L 


H 
H 


-0.2 V<V| D < 0.2 V 


H X 
X L 


? 
? 


V|D<-0.2V 
X 
Open 


H X 
X L 

L H 

H X 
X L 


L 
L 

Z 

H 
H 


H = high level, L = low level, 


X = irrelevant, ? = 


indeterminate 



Z = high impedance (off) 



publication data m Copyright © 1 995, Texas Instruments Incorporated 

Texas Instruments Warn 

^«sp~;- - ^ir Texas 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 



Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-757 



SN75ALS193 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 

SLLS008D - JUNE 1986 - REVISED MAY 1995 



logic symbolt 

4 



G 
G 

1A 
1B 

2A 
2B 
3A 
3B 
4A 
4B 



12 



>1 



EN 



logic diagram (positive logic) 
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G 
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JJ> 

V 


3 


1 IS 
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6 




7 K 


11 
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14 




15 N 







1Y 

2Y 
3Y 
4Y 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



schematics of inputs and outputs 



1A 
1B 

2A 
2B 

3A 
3B 

4A 
4B 



10 



14 



15 



1Y 



2Y 



3Y 



4Y 



EQUIVALENT OF EACH A OR B INPUT 

vcc f 

3k£J£ £ 
NOM 



18 kQ 
NOM 

Input -f—wv- 



300 kQ 
NOM 



VCC (A) 

or 
GND (B) 



GND - 



2k& 
NOM 



EQUIVALENT OF G OR G INPUTS 

vcc "J— 



22 kQ 
NOM 



Input - 



GND 



EQUIVALENT OF ALL OUTPUTS 

« V CC 

50 kQ £ 
NOM 



«> Output 



GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Input voltage, V| (A or B) ±1 5 V 

Differential input voltage, V|d (see Note 2) ±1 5 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds 300°C 



t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditons is not implied. 
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


J 


1025mW 


8.2mW/°C 


656 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


V 


Differential input voltage, V|d 


±12 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|l 


0.8 


V 


High-level output current, Iqh 


-400 


HA 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, T^ 


0 70 


°C 
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electrical characteristics over recommended range of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V| j + Positive-going input threshold voltage 




200 


mV 


V| j_ Negative-going input threshold voltage 




-200§ 


mV 


Vhys Hysteresis voltage (V|j+ -V|T_) 




120 


mV 


V|k Enabie-input clamp voltage 


Vcc = MIN, l|=-18mA 


-1.5 


V 


Voh High-level output voltage 


V C c = MIN, V| D = 200mV, 
. Iqh = -400 pA, See Figure 1 


2.5 3.6 


V 


Vol Low-level output voltage 


Vcc = MIN, 
V|d = -200 mV, 
See Figure 1 


lOL = 8 mA 


0.45 


V 


Iql= 16 rn A 


0.5 


loz High-impedance-state output current 


Vcc = MAX 


Vq = 2.4 V 


on 


HA 


Vo = 0.4 V 


-20 


1 1 Line input current 


Other input at 0, 
See Note 3 


Vcc = MIN, 
V| = 15V 


0.7 1.2 


mA 


Vcc = MIN, 
V|=-15V 


-1.0 -1.7 


l|H High-level enable-input current 


Vcc = MAX 


V| H = 2.7V 


20 


HA 


V|H - MAX 


100 


1 1 l Low-level enable-input current 


Vcc - MAX, V|L = 0.4V 


-100 


HA 


Input resistance 




12 18 


kQ 


'OS Short-circuit output current 


Vcc = MAX, V|D = 3V, 
Vq = 0, See Note 4 


-15 -78 -130 


mA 


iCC Supply current 


Vcc = MAX » Outputs disabled 


22 35 


mA 



t For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V, Ta = 25°C. 

§ The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
NOTES: 3. Refer to ANSI Standard EIA/TIA-422-B and EIA/TI A-423-A for exact conditions. 



4. Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low-to-high-level output 


V| D = -2.5 V to 2.5 V, 
CL=15pF, See Figure 2 


15 22 


ns 


tPHL Propagation delay time, high-to-low-level output 


15 22 


*PZH Output enable time to high level 


CL=15pF, See Figure 3 


13 25 


tpzL Output enable time to low level 


11 25 


tPHZ Output disable time from high level 


Cl - 5 pF, See Figure 3 


13 25 


tpi_z Output disable time from low level 


15 22 
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PARAMETER MEASUREMENT INFORMATION 




Figure 1.V 0 h, V 0 l 



Generator 
(see Note A) 




TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zq = 50 Q, 
t r < 6 ns, tf < 6 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

vcc 



Test 
Point 



From Output 
Under Test 



C L ; 

(see Note A) 



T-H4- 



5 kQ 



R|_ = 2 kft 



S1 



See Note B 



S2 



LOAD CIRCUIT 



-*| |4~<5ns 



Enable 

G 10% 



Enable 



90% 



G 1-3 V 




S1 Open 
Output S2 Closed 



y — r ^c? 



51 Closed 

52 Closed 

VOLTAGE WAVEFORMS FOR tpHZ. tpzH 

NOTES: A. Cl includes probe and jig capacitance. 

B. All diodes are 1 N3064 or_equivalent. 

C. Enable G is tested with G high; G is tested with G low. 



Enable l_j 
G 10% _ 



-►I |4- <5ns -*| |#-<5ns 

I I LI _ 3Y 

90% Ar I 




Enable 



90% 



G 1-3 V 



90% 
1.3 V 



See Note C 




10% 



10% 



90% 
,3 V 



•a tD _. | S1 Closed 

PZL ' S2 Closed 



ov 

3V 
0V 




V Output S1 Closed -\ 1 -3V 



«1.4V 



0.5 V 



VOLTAGE WAVEFORMS FOR tpLZ, tpZL 



Figure 3. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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R|_ = 8 kQ to GND 
Ta = 25°C 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Meets or Exceeds the Requirements of 

ANSI Standard EJA/TIA-422-B and ITU 

Recommendation V.11 

Designed to Operate Up to 20 Mbaud 

3-State TTL-Compatible Outputs 

Single 5-V Supply Operation 

High Output Impedance in Power-Off 

Condition 

Two Pairs of Drivers, Independently 
Enabled 

Designed as Improved Replacements for 
the MC3487 



SN55ALS194 ... J OR W PACKAGE 
SN75ALS194 . . . D OR N PACKAGE 
(TOP VIEW) 



1A[ 


1 


U ie 


]v cc 


1Y[ 


2 


15 


]4A 


1Z[ 


3 


14 


]4Y 


1,2EN[ 


4 


13 


]4Z 


2Z[ 


5 


12 


] 3, 4EN 


2Y[ 


6 


11 


]3Z 


2A[ 


7 


10 


]3Y 


GND [ 


8 


9 


]3A 



description 



These four differential line drivers are designed 
for data transmission over twisted-pair or 
parallel-wire transmission lines. They meet the 
requirements of ANSI Standard EIA/TIA-422-B 
and ITU Recommendation V.11 and are 
compatible with 3-state TTL circuits. Advanced 
low-power Schottky technology provides high 
speed without the usual power penalty. Standby 
supply current is typically only 26 mA. Typical 
propagation delay time is less than 10 ns, and 
enable/disable times are typically less than 16 
ns. 

High-impedance inputs keep input currents low: 
less than 1 \xA for a high level and less than 
1 00 jjA for a low level. The driver circuits can be 
enabled in pairs by separate active-high enable 
inputs. The SN55ALS1 94 and SN75ALS1 94 are 
capable of data rates in excess of 20 megabits 
per second and are designed to operate with the 
SN55ALS195 and SN75ALS195 quadruple line 
receivers. 

The SN55ALS1 94 is characterized for operation 
over the full military temperature range of -55°C 
to 1 25°C. The SN75ALS1 94 is characterized for 
operation from 0°C to 70°C. 



SN55ALS194 . . . FK PACKAGE 
(TOP VIEW) 

O 

><£> % 



/ l—ILJLJLJLJ — 

. 7 - 3 2 1 20 19 r , v 
1Z ]4 18[ 4Y 

1.2EN ]5 17[ 4Z 

NC ]6 16[ NC 

2Z ]7 15[ 3,4EN 

2Y ]8 14[ 3Z 

J 9 10 11 12 13 
r-ir-ir-ir-ir-i 



< Q O < > 
N z z n w 

0 



NC - No internal connection 



FUNCTION TABLE 
(each driver) 



INPUT 


OUTPUT 


OUTPUTS 


A 


EN 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



H = high level, L = low level, 
Z = high impedance 



X = irrelevant, 
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logic symbolt 

1.2EN — 



EN 
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2A 



logic diagram (positive logic) 
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3Y 
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3, 4EN 



3A 



12 




4A 



3Y 
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4Y 
4Z 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

andlEC Publication 617-12. 
Pin numbers shown are for the D, J, N, and W packages. 

schematics of inputs and outputs 
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DATA (A) INPUT 

vcc 



Input - 




m rn 
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Input 




EQUIVALENT OF EACH 
OUTPUT 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage, V| 5.5 V 

Output voltage, Vq . . ■ ■ 7 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN55ALS1 94 - 55°C to 1 25°C 

SN75ALS194 0°C to 70°C 

Storage temperature range, T stg - 65°C to 1 50°C 

Case temperature for 60 seconds, Tq: FK package 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds: D, N, or W package 260°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 60 seconds: J package 300°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N/A 


FK 


1-375 mW 


11.0mW/°C 


880 mW 


275 mW 


J 


1375mW 


11.0 mW/°C 


880 mW 


275 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


N/A 


W 


1000 mW 


8.0 mW/°C 


640 mW 


200 mW 



recommended operating conditions* 





SN55ALS194 


SN75ALS194 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level input voltage, Vm 


All inputs, Ta = 25°C 


2 


2 


V 


A inputs, Ta = Full range 


2 


2 


EN inputs, Ta = Full range 


2.1 


2 


Low-level input voltage, V||_ 


0.8 


0.8 


V 


High-level output current, Iqh 


-20 


-20 


mA 


Low-level output current, Iql 


T A = 25°C 


48 


48 


mA 


Ta = Full range 


20 


48 


Operating free-air temperature, Ta 


-55 125 


0 70 


°C 



* Full range Is Ta = - 55°C to 1 25°C for SN55ALS1 94 and Ta - 0"C to 70°C for SN75ALS1 94. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


Vcc = MIN, l| =-18mA 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, 
Iqh = -20 mA 


SN55ALS194 


2.4 


V 


SN75ALS194 


2.5 


\/r\i I nw-lpvpl ni itm it vnltanp 


Vcc = MIN, Iol= max 


0.5 


V 


Vo Output voltage 


io = o 


0 6 


V 


IV/^p» ^ 1 Diffprpntial ni itni it vnltanp 

1 V 1)1) \ 1 wl wl IIICII Vslll>|Jl>ll VwllCl^w 


l O = 0 


1.5 6 


v 


,v OD2' Differential output voltage 


R[_ = 100 Q, See Figure 1 


mz VOD1 
or2§ 


V 


. 1W . Change in magnitude of 
OD differential output voltage" 


±0.4 


V 


Voc Common-mode output voltage 


±3 


V 


|V . Change in magnitude of 

Uw WMtimnn-niflHa m iir\i it \/r>ltano i 
wui i ii i iui i 1 1 ivjuc uuipui vvjiidyis 11 


±0.4 


V 


lO Output current with power off 


v C c = o 


Vo = 6V 


100 


ma 


V 0 = - 0.25 V 


-100 


'OZ High-impedance-state output current 


Vcc « MAX, 

Output enables at 0.8 V 


Vq = 2.7 V 


100 


HA 


Vq = 0.5 V 


-100 


l| Input current at maximum input voltage 


Vcc = M AX . v l = 5 - 5 v 


100 


MA 


l|H High-level input current 


Vcc = MAX, V| = 2.7V 


50 


HA 


Low-level input current 


Vcc = MAX, V| = 0.5 V 


-200 


MA 


'OS Short-circuit output current* 


Vcc = MAX, V| = 2 V 


-40 -140 


mA 


'CC Supply current (all drivers) 


Vcc = MAX » A " outputs disabled 


26 45 


mA 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

* All typical values are at Vcc = 5 V, TA = 25°C. 

§ The minimum Vqd2 with a 1 00-Q load is either 1/2 Vqdi or 2 v . whichever is greater. 

^ A I Vqd I and A I Vqc ' are tne changes in magnitude of Vqd and Vqc» respectively, that occur when the input is changed from a high level to 
a low level. 

# Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, Vqc = 5 V, T/v = 25°C 



PARAMETER 


TEST 
CONDITIONS 


SN55ALS194 


SN75ALS194 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


tPLH Propagation delay time, low- to high-level output 


C L =15pF, 
See Figure 2 


6 13 


6 13 


ns 


*PHL Propagation delay time, high- to low-level output 


9 14 


9 14 


ns 


Output-to-output skew 


3.5 6 


3.5 6 


ns 


*t(OD) Differential output transition time 


CL=15pF, 
See Figure 3 


8 14 


8 14 


ns 


tpZH Output enable time to high level 


C|_=15pF, 
See Figure 4 


9 12 


9 12 


ns 


tpzi_ Output enable time to low level 


12 20 


12 20 


ns 


tPHZ Output disable time from high level 


9 15 


9 14 


ns 


tPLZ Output disable time from low level 


12 15 


12 15 


ns 
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SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


vo 


Voa.Vob 


I VOD1 I 


V 0 


I V 0 D2 I 


V t (Rl = 100 Q) 


A I V 0 D I 


I IV t l - IVtl I 


voc 


I V os I 


A I Vqc I 


IVos-VosI 


'OS 


llsaL «sbl 


"0 


""xal . Hxb' 



: r l 



VqD2 



ft VQC 



T 

voc 



Figure 1. Driver Vqd and V 0C 



PARAMETER MEASUREMENT INFORMATION 

Input 







Generator 




(see Note A) 




I 

tpLH-+t- 



Y Output 



Skew4ol 



Skew 



3V , j 



|«- tpHL->| k- tpLH -*| 



See Note C "=" 



Z Output 



\ 1.5 V 



1.5Vj 



3V 

•OV 
- V 0 H 

• vol 

VOH 

vol 



TEST CIRCUIT VOLTAGE WAVEFORM 

Figure 2. Test Circuit and Voltage Waveform 




Input 



t 3V 

OV 



Output 



(see Note B) 



tt{OD) -ti \* M k- t t (OD) 

Output \r^\ 

ar 10% 



TEST CIRCUIT 



VOLTAGE WAVEFORM 



Figure 3. Differential-Output Test Circuit and Voltage Waveform 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle < 50%, 
Zo«50ft. 

B. C|_ includes probe and stray capacitance. 

C. Alldiodesare1N916or1N3064. 
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PARAMETER MEASUREMENT INFORMATION 

Output 



0Vor3V 




Generator 
(see Note A) 



Output 5 V 

J qS3 I SI k 200 " 



_| 50Q L__ J 



CL = 15pF 
(see Note B) 



1 kQ 



See Note C 



S2 



TEST CIRCUIT 



Output 
Enable 
Input 



Output 

51 Closed 

52 Closed 



Output 

51 Closed 

52 Closed 




Output 
Enable 
Input 
OV 

Output 

51 Closed 
S2 0pen 

Output 
S1 Open 

52 Closed 



3V 



.5 V 



tPZH " 



I \1.5V 



vol 
voh 



vol 

voltage waveforms 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR < 1 MHz, duty cycle < 50%, 
Zo«50Q. 

B. C|_ includes probe and stray capacitance. 

C. All diodes are 1 N91 6 or 1 N3064. 

Figure 4. Driver Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 
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Figure 5 



> 

i 

o 



a 

I 

>- 

I 

>° 



Y OUTPUT VOLTAGE 
vs 

DATA INPUT VOLTAGE 



5 
4.5 

4 
3.5 


V CC = 5V 
OutDuts Enabled 










No Load 












1 

T A = 125°C 














3 
2.5 
































. T A = 25°C 




2 
1.5 
1 

0.5 


T A = 


ro°c 






k 




/T Ai = 0«C 














r 




= -55°C 








































0 































0.5 1 1.5 2 2.5 
Vj - Data Input Voltage - V 

Figure 6 
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Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 
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V CC = 5V 



V C C = 4.5V 



V| = 2 V 

R|_ = 470 Q, to GND 
See Note A 
T A = 25°C 



> 

I 



O 
>- 

I 

>° 



Y OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



5 
4.5 

4 
3.5 

3 
2.5 



2 
1.5 
1 

0.5 
0 



V CC i5V ' 
V| = 2V 

R|_ = 470 Q to GND 

Can kls\tA A 


























"A = 














































i = 25°C 




T A = " 


TO'C 






k 




^Ta = o°c 




















C 

























































0.5 1 1.5 2 2.5 
V| - Enable G Input Voltage - V 



0 0.5 1 1.5 2 2.5 3 0 
V| - Enable G Input Voltage - V 

NOTE A: The A input is connected to V<x during the testing of the Y outputs and to GND during the testing of the Z outputs. 

Figure 7 Figure 8 

t Data for temperatures below 0°C and above 70°C are applicable to the SN55ALS194 circuits only. 
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TYPICAL CHARACTERISTICSt 



Z OUTPUT VOLTAGE 
vs 

ENABLE G INPUT VOLTAGE 



V CC = 5.5V 




R L = 470QtoVcc 
T A = 25°C 
See Note A 


VcCfSV 






vcc 


= 4.5 V 











































































0.5 1 1.5 2 2.5 
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Figure 9 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Ta - Free-AIr Temperature - °C 

Figure 11 
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See Note B 
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Figure 10 

HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 





5 


> 


4.5 


I 

<D 
O) 


4 


B 




1 


3.5 






3 
3 


3 


o 






2.5 


a> 




_i 

JC 


2 


o> 




X 

l 


1.5 


X 




>° 


1 




0.5 




0 



Ta = 25°C ' 

Saa Not a A 






























































vcc 


= 5.5 


V 












I I I 

.V CC = 5V 














^ I I 1 

^ ^ V CC = 4.5 V 





















































































0 -10 -20 -30 -40 -50 -60 -70 -80 -90 ■ 
Iqh - High-Level Output Current - mA 

Figure 12 



100 



t Data for temperatures below 0°C and above 70°C are applicable to the SN55ALS1 94 circuits only. 

NOTES: A. The A input is connected to Vqq during the testing of the Y outputs and toGND during the testing of the Z outputs. 

B. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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TYPICAL CHARACTERlSTICSt 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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LOW-LEVEL OUTPUT CURRENT 
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Iql ~ Low-Level Output Current - mA 



NOTE A: The A input is connected to GND during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 



Figure 13 

SUPPLY CURRENT 

vs 

SUPPLY VOLTAGE 



Figure 14 
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Figure 15 
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Figure 16 



t Data for temperatures below 0°C and above 70°C are applicable to the SN55ALS194 circuits only. 
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TYPICAL CHARACTERISTICS 
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Figure 17 
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Meet or Exceed the Requirements of ANSI 
Standards EIA/TIA-422-B and EIA/TIA-423-A 
Meets ITU Recommendations V.10 and V.11 
Designed to Operate Up to 20 Mbaud 

-7 V to 7 V Common-Mode Input Voltage 
Range With 200-mV Sensitivity 
3-State TTL-Compatible Outputs 
High Input Impedance . . . 12 kQ Min 
Input Hysteresis ... 120 mV Typ 
Single 5-V Supply Operation 

Low Supply Current Requirement 
35 mA Max 

Improved Speed and Power Consumption 
Compared to MC3486 



description 



SN55ALS195 ... J OR W PACKAGE 
SN75ALS195 ... J OR N PACKAGET 
(TOP VIEW) 




SN55ALS195 . . . FK PACKAGE 
(TOP VIEW) 

O 

< CQ O O m 
t- i- Z > -sr 



UULJLJLJ 

3 2 1 20 19 



3, 4EN 
9 10 11 12 13 1 3Y 

nnnnn 



2A p8 _ J4[ 



18 E 4A 
17[ 4Y 

16 C NC 
15[ - 



DQ Q O CD < 
CM Z Z CO CO 

o 



NC - No internal connection 
t For surface-mount package, see the SN75ALS1 99. 



The SN55ALS195 and SN75ALS195 are four 1Y ] 4 

differential line receivers with 3-state outputs 1,2EN ]s 

designed using advanced low-power Schottky NC ] e 

technology. This technology provides combined 2Y D 7 

improvements in die design, tooling production, 
and wafer fabrication, which in turn, provide 
lower power consumption and permit much 
higher data throughput than other designs. The 
devices meet the specifications of ANSI 
Standards EIA/TIA-422-B and EIA/TIA-423-A 
and ITU Recommendations V.10 and V.11. The 
3-state outputs permit direct connection to a 
bus-organized system with a fail-safe design that 
ensures the outputs will always be high if the 
inputs are open. 

The devices are optimized for balanced multipoint bus transmission at rates up to 20 megabits per second. The 
input features high input impedance, input hysteresis for increased noise immunity, and an input sensitivity of 
±200 mV over a common-mode input voltage range of ±7 V. The devices also feature an active-high enable 
function for each of two receiver pairs. The SN55ALS195 and SN75ALS195 are designed for optimum 
performance when used with the SN55ALS194 and SN75ALS194 quadruple differential line drivers. 

The SN55ALS1 95 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN75ALS1 95 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information Is current as of publication date. ™. Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments m Sm 

standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic symbolt logic diagram 




Pin numbers shown are for the J, N, and W packages. 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
EN 


OUTPUT 
Y 


V|D>0.2V 


H 


H 


- 0.2 V < V|D < 0.2 V 


H 


? 


V|D<-0.2V 


H 


L 


X 


L 


Z 


Open 


H 


H 



H m high level, L = low level, X = irrelevant, ? = indeterminate, 
Z = high impedance (off) 



2-780 
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schematics of inputs and outputs 



EQUIVALENT OF EACH A OR B INPUT 

vcc 

3kQ 
NOM 



18 

NOM 

Input ■— vwh 




300 kQ 
NOM 



V C C (A) 

or 
GND (B) 



GND 



2kft 
NOM 



EQUIVALENT OF EN INPUTS 



vcc 




Input 



GND 



EQUIVALENT OF ALL OUTPUTS 

f V CC 

50 kQ £ 
NOM 



Output 




GND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc ( see Note "0 • ■ 7 V 

Input voltage, A or B inputs, V| ±1 5 V 

Differential input voltage, V|q (see Note 2) ±15 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql — 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: SN55ALS195 -55°Cto125°C 

SN75ALS195 0°C to 70°C 

Storage temperature range, T stg - 65°C to 150°C 

Case temperature for 60 seconds, Tc: FK package ; 260°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 60 seconds: J, N, or W package 300°C 

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditons is not implied. 
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


Ta = 125°C 
POWER RATING 


FK 


1375mW 


11.0mW/°C 


880 mW 


275 mW 


J(SN55ALS195) 


1375 mW 


11.0mW/°C 


880 mW 


275 mW 


J(SN75ALS195) 


1025mW 


8.2mW/°C 


656 mW 


N/A 


N 


1150 mW 


9.2mW°C 


736 mW 


N/A 


W 


1000 mW 


8.0mW/°C 


640 mW 


200 mW 
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recommended operating conditions 





SN55ALS195 


SN75ALS195 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


±7 


V 


Differential input voltage, V|d 


±12 


±12 


V 


High-level input voltage, V|h 


2 


2 


V 


Low-level input voltage, V||_ 


0.8 


0.8 


V 


High-level output current, Ioh 


-400 


-400 


MA 


Low-level output current, IfjL 


16 


16 


mA 


Operating free-air temperature, T/\ 


-55 125 


0 70 


°C 


electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONSt 


MIN TYP+ MAX 


UNIT 


v #._ Positive-going input threshold 
V IT+ voltage 




200 


mV 


w Negative-going input threshold 
V IT- voltage 




-200§ 


mV 


v hys Hysteresis voltage QJ\j + - V|j_) 




120 


mV 


Vj k Enable-input clamp voltage 


Vcc = MIN, l| = -18mA 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, V|D = 200mV, l 0H = - 400 jjA, 
See Figure 1 


2.5 3.6 


V 


Vql Low-level output voltage 


Vcc - MIN, 
V|D = -200 mV, 
See Figure 1 


•OL = 8 mA 


0.45 


V 


Iql = 16 mA 


0.5 


, High-impedance-state 
^ z output current 


Vcc = MAX, V|L = 0.8V, V !D = -3 V, 
Vq = 2.7 V 


20 


HA 


V C C = MAX, V| L = 0.8 V, V| D = 3V, 
V 0 = 0.5 V 


-20 


1 1 Line input current 


Other input at 0 V, 
See Note 3 


V C C -MIN, V|-15V 


0.7 1.2 


mA 


V C C - MAX, V| = -15V 


-1 -1.7 


l|H High-level enable-input current 


Vcc - MAX 


V| H = 2.7V 


20 


MA 


V| H = 5.25 V 


100 


1 1 l Low-level enable-input current 


Vcc = MAX, V| L = 0.4V 


-100 


UA 


rj Input resistance 




12 18 


kCl 


lOS Short-circuit output current 


V C C = MAX, V| D = 3V, V O = 0, 
See Note 4 


-15 -78 -130 


mA 


ICC Supply current 


Vcc = MAX, Outputs disabled 


22 35 


mA 



t For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
* All typical values are at Vcc = 5 V, Ta = 25°C. 

§The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
NOTES: 3. Refer to ANSI Standards EIA/TIA-422-B and EIA/TIA-423-A for exact conditions. 



4. Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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switching characteristics, Vqc = 5 V, Cl = 15 pF, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tp|_H Propagation delay time, low- to high-level output 


V|D = 0to3V, See Figure 2 


15 22 


ns 


tpHL Propagation delay time, high- to low-level output 


15 22 


ns 


tpzH Output enable time to high level 


See Figure 3 


13 25 


ns 


tpzL Output enable time to low level 


10 25 


tpHZ Output disable time from high level 


See Figure 3 


19 25 


ns 


tPLZ Output disable time from low level 


17 22 



PARAMETER MEASUREMENT INFORMATION 




Figure 1.V 0 h» Vql 




TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zrj = 50 Cl, 
t r <6 ns, tf < 6 ns. 
B. Cl includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



SW1 





VOLTAGE WAVEFORMS 

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zrj «■ 50 Q, 
t r < 6 ns, tf < 6 ns. 

B. Ci_ includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

Figure 3. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICSt 
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-1 1 — 

V C C = 4.5V 
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Figure 4 
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Enable Voltage -V 

Figure 5 
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vs 
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OUTPUT VOLTAGE 
vs 
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V C C = 4.5V 



0.5 



I I 
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1 1.5 2 
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Figure 6 
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1 1.5 2 
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Figure 7 



t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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TYPICAL CHARACTERISTICSt 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 
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Figure 9 
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Figure 11 



t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS1 95 circuits only. 
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Figure 13 

t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS195 circuits only. 
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Figure 18 



t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS1 95 circuits only. 
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t Data for temperatures below 0°C and above 70°C, and below 4.75 V and above 5.25 V, are applicable to SN55ALS1 95 circuits only. 
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SN75196 

MULTIPLE RS-232 DRIVER AND RECEIVER 
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Single Chip With Easy Interface Between 
UART and Serial-Port Connector of an 
External Modem or Other Computer 
Peripheral 

Five Drivers and Three Receivers Meet or 
Exceed the Requirements of ANSI 
EIA/TIA-232-E and ITU Recommendation 
V.28 Standards 

Designed to Support Data Rates Up To 
120 kbps 

ESD Protection Meets Or Exceeds 10 kV on 
RS-232 Pins and 5 kV on All Other Pins 
(Human-Body Model) 
Complement to the SN751 85 
Pin-to-Pin Replacement for the Goldstar 
GD75323 

Functional Replacement for the MC145405 



description 



The SN75196 combines five drivers and three 
receivers from the trade-standard SN75188 and 
SN751 89 bipolar quadruple drivers and receivers, 
respectively. The flow-through design of the 
SN751 96 decreases the part count, reduces the 
board space required, and allows easy intercon- 
nection of the UART and serial-port connector. 
The all-bipolar circuits and processing of the 
SN75196 provide a rugged, low-cost solution for 
this function. 

The SN75196 complies with the requirements of 
the ANSI EIA/TIA 232-E and ITU (formerly CCITT) 
V.28 standards. These standards are for data 
interchange between a host computer and 
peripheral at signal rates of up to 20 kbps. The 
switching speeds of the SN751 96 are fast enough 
to support rates of up to 120 kbps with lower 
capacitive loads (shorter cables). Interoperability 
at the higher signaling rates cannot be assured 
unless the designer has design control of the 
cable and the interface circuits at both ends. For 
interoperability at signaling rates to 1 20 kbps, use 
of EIA/TIA-423-B (ITU V.10) and EIA/TIA-422-B 
(ITU V.11) standards are recommended. 

The SN75196 is characterized for operation over 
a temperature range of 0°C to 70°C. 



DW OR N PACKAGE 
(TOP VIEW) 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 



logic diagram (positive logic) 
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Products conform to specifications per the terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily Include 
testing of all p, 
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schematic of each driver 



► To Other Drivers 



VDD 



Input DAx 




DYx Output 



GND 



► To Other Drivers 

Resistor values shown are nominal. 



schematic of each receiver 



To Other Receivers 
VCC 



ESD 



9k£2< < 5k£2 < 1.66 kQ 



2kQ 



Input RAx — ESD 





ESD 







RYx Output 



7 



3.8 kQ ^ 

^ | 10 kQ^ 



GND 



To Other Receivers 



Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1 ) 10V 

Supply voltage, Vqd (see Note 1 ) 15V 

Supply voltage, V$s (see Note 1) -15V 

Input voltage range, V|: Driver -15 V to 7 V 

Receiver -30 V to 30 V 

Output voltage range, Vq (Driver) -15V to 15V 

Low-level output current, Iol (Receiver) 20 mA 

Continuous total dissipation See Dissipation Rating Table 

Electrostatic discharge: DY and RA to GND (see Note 2) Class 3, A: 1 0 kV, B: 500 V 

All pins (see Note 2) Class 3, A: 5 kV, B: 300 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltages are with respect to the network ground terminal. 
2. Per MIL-STD-883C, Method 301 5.7 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR* 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



* This is the inverse of the traditional junction-to-case thermal resistance (Rgja)- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vdd 


7.5 9 13.5 


V 


Supply voltage, Vss 


-7.5 -9 -13.5 


V 


Supply voltage, Vqc 


4.5 5 5.5 


v 


High-level input voltage, V|h 


Driver 


1.9 


V 


Low-level input voltage, V|[_ 


Driver 


0.8 


V 


High-level output current, Iqh 


Driver 


-6 


mA 


Receiver 


-0.5 


High-level output current, Iql 


Driver 


6 


mA 


Receiver 


16 


Operating free-air temperatureJA 


0 , 70 


°C 
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supply currents over operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Iqd Supply current from Vqd 


All inputs at 1 .9 V, No load 


V D D = 9V, V SS = -9V 


25 


mA 


V D D = 12V, V S S = -12V 


32 


All inputs at 0.8 V, No load 


V D D = 9 V, V S S = ~9V 


7.5 


mA 


V DD = 12V, V S S = -12V 


9.5 


Iss Supply current from V§s 


All inputs at 1 .9 V, No load 


VDD = 9V, V S S = -9V 


-25 


mA 
mA 


Vqd = 12 V, V S S = -12 V 


-32 


All inputs at 0.8 V, No load 


V D D = 9V, V S S--9V 


-5.3 


mA 
mA 


V D D = 12V, V S S = -12V 


-5.3 


'CC Supply current from Vqc 


Vcc-SV, All inputs at 5 V, No load 


20 


mA 



DRIVER SECTION 

electrical characteristics over operating free-air temperature range, V DD = 9 V, V$s = -9 V, 
Vcc = S V, (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


VOH High-level output voltage 


V|[_ = 0.8 V, R|_ = 3 kQ, See Figure 1 


6 7.5 


V 


Vol Low-level output voltage (see Note 2) 


V|h = 1 .9 V, R|_ = 3 kQ, See Figure 1 


-7.5 -6 


V 


l|H High-level input current 


V| = 5 V, See Figure 2 


10 


ma 


1 1 1_ Low-level input current 


V| = 0, See Figure 2 


-1.6 


mA 


. High-level short-circuit output current 
'OS(H) ( See No te 4) 


V||_ = 0.8 V, Vq = 0, See Figure 1 


-4.5 -9 -19.5 


mA 


. Low-level short-circuit output current 
0S ( L ) (see Note 4) 


Vm - 2 V, Vq = 0, See Figure 1 


4.5 9 19.5 


mA 


r 0 Output resistance (see Note 5) 


VCC = VDD = VSS = 0, V 0 - -2 V to 2 V 


300 


Q 



NOTES: 3. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only, e.g., if - 1 0 V is a maximum, the typical value is a more negative voltage. 

4. Output short-circuit conditions must maintain the total power dissipation below absolute maximum ratings. 

5. Test conditions are those specified by EIA/TIA-232-E and as listed above. 



switching characteristics, V DD = 12 V, V S s = -12 V, V C c = 5 V ±10%, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tp|_H Propagation delay time, low- to high-level output 


R|_ = 3 kQ to 7 kQ, C|_=15pF, 
See Figure 3 


315 500 


ns 


tPHL Propagation delay time, high- to low-level output 


75 175 


ns 


tjLH Transition time, low- to high-level output 


R|_ = 3kQto7kQ, C|_=15pF, 
See Figure 3 


60 100 


ns 


RL - 3 kQ to 7 kQ, C|_ = 2500 pF, 
See Figure 3 and Note 6 


1.7 2.5 


MS 


tTHL Transition time, high- to low-level output (see Note 6) 


RL = 3 kQ to 7 kQ, C|_ = 15 pF, 
See Figure 3 


40 75 


ns 


R[_ = 3 kQ to 7 kQ, Cl = 2500 pF, 
See Figure 3 and Note 7 


1.5 2.5 


lis 



NOTES: 6. Measured between -3-V and 3-V points of the output waveform (EIA/TIA-232-E conditions), all unused inputs are tied either high 
or low. 

7. Measured between 3-V and -3-V points of the output waveform (EIA/TIA-232-E conditions), all unused inputs are tied either high 
or low. 
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RECEIVER SECTION 



electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V| j + Positive-going threshold voltage 


See Figure 5 


T A = 25°C 


1.75 1.9 2.3 


V 


Ta = 0°C to 70 °C 


1.55 2.3 


V|T_ Negative-going threshold voltage 


See Figure 5 


0.75 0.97 1.25 


v hys Input hysteresis (V|j + -V|T_) 


0.5 


VoH High-level output voltage 


Iqh = -0.5 mA 


V| H = 0.75 V 


2.6 4 5 


V 


Inputs open 


2.6 


Vol Low-level input voltage 


IOL=10mA, V| = 3V 


0.2 0.45 


V 


1 1 h High-level input current 


V| = 25 V, See Figure 5 


3.6 8.3 


mA 


V| = 3 V, See Figure 5 


0.43 


1 1 1_ Low-level output current 


V| m -25 V, See Figure 5 


-3.6 -8.3 


mA 


V| = -3V, See Figure 5 


-0.43 


Iqs Short-circuit output current 


See Figure 4 


-3.4 -12 


mA 



t All typical values are at Ta = 25°C, V<x = 5 V, Vqd = 9 V, and Vss = -9 V. 

switching characteristics, Vcc = 5 V, Vp D = 12 V, Vss = -12 V, T/v = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


Cl = 50 pF, Rl = 5 kQ, 
See Figure 6 


107 500 


ns 


tPHL Propagation delay time, high- to low-level output 


42 150 


ns 


tri_H Transition time, low- to high-level output 


175 525 


ns 


tjHL Transition time, high- to low-level output 


16 60 


ns 



PARAMETER MEASUREMENT INFORMATION 

>OS(L) 



VDD 

vcc 



v. ~{>>T< 



V DD or GND 

-'OS(H ) 

-{J)-vss< 



v 0 



vss 



i or GND 



RL = 3 kQ 



Figure 1. Driver Test Circuit 
for v OH» v OL» hs{H)> and loS(L) 



>IH 

-hi 



VDD 

vcc 



> 



vss 



Figure 2. Driver Test Circuit for Ijh and I|l 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-795 



SN75196 

MULTIPLE RS-232 DRIVER AND RECEIVER 



SLLS188-MAY1995 



PARAMETER MEASUREMENT INFORMATION 
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See Note A 



Input | v cc 
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VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w = 25 |is, PRR = 20 kHz, Zrj = 50 Q, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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Figure 4. Receiver Test Circuit 
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VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has tlie following characteristics: t w = 25 \is, PRR = 20 kHz, Zrj = 50 Q, t r = tf < 50 ns. 
B. Cj_ includes probe and jig capacitance. 

Figure 6. Receiver Propagation and Transition Times 
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TYPICAL CHARACTERISTICS 
DRIVER SECTION 
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TYPICAL CHARACTERISTICS 
RECEIVER SECTION 
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positive-going pulse that, starting from 0 V, will not 
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Figure 13 
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APPLICATION INFORMATION 



Diodes placed in series with the Vqd and V§s pins protect the SN751 96 in the fault condition in which the device 
outputs are shorted to Vdd o r Vss and the power supplies are at low and provide low-impedance paths to ground 
(see Figure 15). 



Vdd 



1 





±15 v°^ 




SN75196 




SN75196 



V D D 



vss 



vss 



Figure 15. Power-Supply Protection to Meet Power-Off Fault Conditions of EIA/TIA-232-E 
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13 



36 



11 



41 



42 



10 



5V 



vss 

5DA 
3RY 
4DA 
2RY 
1RY 
3DA 
2DA 
1DA 

vcc 



SN75196 



GND 
5DY 
3RA 
4DY 
2RA 
1RA 
3DY 
2DY 
1DY 
V D D 



-12 V 



11 



12 R| 



13 DTR 



— H 



C5t 



14 CTS 



15 TX 



C4t 



16 RTS 



17 RX 



18 DSR 



19 DCD 



C2t 



C3t^ 



20 



12V 



EIA/TIA-232-E 

DB9S 

Connector 



t See Figure 1 0 to select the correct values for the loading capacitors (C1 , C2, C3, C4 and C5), which may be required to meet the RS-232 
maximum slew-rate requirement of 30 V/ps. The value of the loading capacitors required depends upon the line length and desired slew rate, 
but is typically 330 pF. 

NOTE C. To use the receivers only, Vdd and V SS must Dotn D © powered or tied to ground. 



Figure 16. Typical Connection 
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Meets or Exceeds the Requirements of ITU 
Recommendations V.10, V.11, X.26, and 
X.27 

Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 
Designed to Operate Up To 20 Mbaud 
3-State Outputs 

Common-Mode Input Voltage Range 
-7Vto7V 

Input Sensitivity . . . ± 300 mV 
Input Hysteresis ... 120 mV Typ 
High-Input Impedance . . . 12 kQ Min 
Operates from Single 5-V Supply 
Low Supply Current Requirement 

35 mA Max 
Improved Speed and Power Consumption 
Compared to AM26LS32A 



description 



The SN75ALSI97 is a monolithic, quadruple line 
receiver with 3-state outputs designed using 
advanced, low-power, Schottky technology. This 
technology provides combined improvements in 
bar design, tooling production, and wafer 
fabrication. This, in turn, provides significantly less 
power requirements and permits much higher 
data throughput than other designs. The device 
meets the specifications of ITU 
Recommendations V.10, V.11, X.26, and X.27. It 
features 3-state outputs that permit direct 
connection to a bus-organized system with a 
fail-safe design that ensures the outputs will 
always be high if the inputs are open. 

The device is optimized for balanced, multipoint 
bus transmission at rates up to 20 megabits per 
second. The input features high-input impedance, 
input hysteresis for increased noise immunity, and 
an input sensitivity of ±300 mV over a 
common-mode input voltage range of -7 V to 7 V. 
It also features active-high and active-low enable 
functions that are common to the four channels. 
The SN75ALS197 is designed for optimum 
performance when used with the SN75ALS192 
quadruple differential line driver. 

The SN75ALS197 is characterized for operation 
from 0°C to 70°C. 



D OR N PACKAGE 
(TOP VIEW) 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

logic diagram (positive logic) 
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FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


ENABLES 
G G 


OUTPUT 
Y 


V| D > 0.3 V 


H X 
X L 


H 
H 


-0.3V<V|D<0.3V 


H X 
X L 


? 
? 


V|D<-0.3V 


H X 
X L 


L 
L 


X 


L H 


Z 


Open 


H X 
X L 


H 
H 



H = high level, L = low level, X = irrelevant, ? = indeterminate, 
Z = high impedance (off) 



schematics of inputs and outputs 



EQUIVALENT OF EACH A OR B INPUT 



vcc 



3kQ 
NOM 



18 ka 
NOM 

Input -f-MAr 



Vcc (A) 

or 
GND (B) 



GND - 



EQUIVALENT OF G OR G INPUTS 



vcc 



22 kQ 
NOM 



Input - 



GND 



d4 



EQUIVALENT OF ALL OUTPUTS 



VCC 



50 

NOM 



Output 




GND 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1) 7 V 

Input voltage, V| (A or B inputs) ±1 5 V 

Differential input voltage, V|d (see Note 2) ±1 5 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql ■ • 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg . - 65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the, corresponding inverting input. 



DISSIPATION RATING TABLE 


PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING 
FACTOR 


T A = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


Common-mode input voltage, Vic 


±7 


V 


Differential input voltage, V|d 


±12 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|i_ 


0.8 


V 


High-level output current, IfjH 


-400 


ma 


Low-level output current, loL 


16 


mA 


Operating free-air temperature, T/\ 


0 70 


°C 
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electrical characteristics over recommended range of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 




300 


mV 


V| t_ Negative-going input threshold voltage 




-300* 


mV 


v hvs Hysteresis voltage (V| j + - V| j_) 


See Figure 4 


120 


mV 


V|k Enable-input clamp voltage 


l|=-18mA 


-1.5 


V 


Vqh High-level output voltage 


V| D = 300mV, Ioh^-^OOhA 


2.7 3.6 


V 


Vql Low-level output voltage 


V|D = -300 mV 


Iql = 8 rnA 


0.45 


V 


IOL = 16 mA 


0.5 


Iqz High-impedance-state output current 


Vqc = 5.25 V 


Vq = 2.4 V 


20 


MA 


V O H = 0.4V 


-20 


l| Line input current 


Other input at 0 V, 
See Note 3 


V| = 15V 


0.7 1.2 


mA 


V|=-15V 


-1.0 -1.7 


lH High-level enable-input current 




V|H = 2.7V 


20 


MA 


V|H = 5.25 V 


100 


l|L Low-level enable-input current 


V|L = 0.4V 


-100 


HA 


Input resistance 




12 18 


kQ 


lOS Short-circuit output current§ 


V|D = 3V, V O = 0 


-15 -78 -130 


mA 


ICC Supply current 


Outputs disabled 


22 35 


mA 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

$ The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
NOTE 3: Refer to ANSI Standard EIA/TIA-422-B and EIA/TIA-423-B for exact conditions. 



switching characteristics, Vqc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


V|D = - 2.5 V to 2.5 V, CL=15pF, 
See Figure 2 


15 22 


ns 


tPHL Propagation delay time, high- to low-level output 


15 22 


ns 


*PZH Output enable time to high level 


CL=15pF, See Figure 3 


13 25 


ns 


tpzL Output enable time to low level 


11 25 


*PHZ Output disable time from high level 


CL=15pF, See Figure 3 


13 25 


ns 


tPLZ Output disable time from low level 


15 22 
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PARAMETER MEASUREMENT INFORMATION 




Figure 1. Vqh and v OL Test Circuit 




Output 

CL = 15pF 
(see Note B) 



Input 
tpLH 
Output 



2.5 V 



-2.5 V 



3 V 



k ► [ tpHL 

:+ v 0H 

1.3 V 

vol 




TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zq = 50 Q, 
t r < 6 ns, tf < 6 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 2. tp|_n and tpm_ Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

vcc 



Test 
Point 



From Output . 
Under Test 



(see Note A) 



R|_ = 2 kQ 



1— H — " 



See Note B 



5kQ 



'S2 



LOAD CIRCUIT 



->| |^~<5ns 



• <5 ns 



See Note C 




Enable i 
G 10% 



Enable 



81 Open 
Output S2 Closed 



90% - 

1.3 V 



I I 

Li 



-H |4— <5ns 



.10% 



10%-Z-i 



90% 
1.3 V 



- 3V 

0V 
3V 



tpZH 



ov 

0.5 V 
VOH 



3V | |X^T 

tPHZ - [« -»| 

81 Closed 
S2 Closed 

VOLTAGE WAVEFORMS FOR tpHZ and tpzH 



NOTES: A. Cl includes probe and jig capacitance. 

B. Ail diodes are 1 N3064 oj_equivaJent 

C. Enable G is tested with G high; G is tested with G low. 



Enable 



Enable 




*1.4V Output S2 Open 



0.5 V 



VOLTAGE WAVEFORMS FOR tp L z and tpzL 



Figure 3. tpHz> tpzH> tpLZ> and tpzL Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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Meets ANSI EIA/TIA-232-E and ITU 
Recommendation V.28 
Very Low Supply Current 
Sleep Mode: 

3-State Outputs in High-Impedance State 
Ultra-Low Supply Current . . . 17 llA Typ 

Improved Functional Replacement for: 
SN75188, 
Motorola MC1488, 

National Semiconductor DS14C88, and 
DS1488 

CMOS- and TTL-Compatible Data Inputs 
On-Chip Slew-Rate Limit ... 30 V/lls 
Output Current Limit . . . 10 mA Typ 

Wide Supply Voltage Range . . . ±4.5 V 
to±15V 



description 



The SN65C198 and SN75C198 are monolithic 
low-power BI-MOS quadruple low-power line 
drivers designed to interface data terminal 
equipment (DTE) with data circuit-terminating 
equipment (DCE) in conformance with the 
specifications of ANSI EIA/TIA-232-E. The 
drivers of the SN65C198 and SN75C198 are 
similar to those of the SN75C188 quadruple 
driver. The drivers have a controlled-output slew 
rate that is limited to a maximum of 30 V/lis. This 
feature eliminates the need for external 
components. 

The sleep-mode input, SM, can switch the outputs 
to high impedance, which avoids the transmission 
of corrupted data during power-up and allows 
significant system power savings during data-off 
periods. 

The SN65C198 is characterized for operation 
from -40°C to 85°C. The SN75C198 is 
characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 



INPUTS 


OUTPUT 


SM 


A 


B 


Y 


H 


H 


H 


L 


H 


L 


X 


H 


H 


X 


L 


H 


L 


X 


X 


Z 



H = high level, L = low level, 

X = irrelevant, Z= high impedance 



D OR N PACKAGE 
(TOP VIEW) 




logic symbolt 

13 



SM - 



EN 
IL- 



IA ■ 

2A- 
2B- 
3A- 
3B- 

4A- 



10 



12 





6 


s 


8 


V 11 



1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

logic diagram (positive logic) 
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schematics of inputs and outputs 



EQUIVALENT OF A AND B INPUTS 

vcc + — f— f 



Input A 



Input B 

(Drivers 2 
and 3 Only) 



VCC- 



(Drivers 1 
and 4) 



Internal 
h- 1.4-V 
Reference 
to GND 



EQUIVALENT OF SLEEP-MODE INPUT 



VCCH 



SM_ 
Input 



<>- — 1 



vcc±- 



6 » 



Internal 
1.4-V 

Reference 
to GND 



TYPICAL OF Y OUTPUTS 

— — ■? — V CC + 



-L 



^ 160 a 



t: 



74 Q 



72 Q, 



■ Output 



rh 



f * — vcc- 



All resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc + (see Note 1 ) 15V 

Supply voltage, Vqc- • -15 V 

Input voltage range, V| - 1 5 V to 1 5 V 

Output voltage range, Vq V CC- " 6 v t0 V CC+ + 6 v 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta: SN65C198 -40°Cto85°C 

SN75C198 ....... t 0°Cto70°C 

Storage temperature range, T st Q -65°Cto150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 85°C 
POWER RATING 


D 


950 mW 


7.6mW/°C 


494 mW 


N 


1150 mW 


9.2mW/°C 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc + 


4.5 12 15 


V 


Supply voltage, Vcc - 


-4.5 -12 -15 


V 


Input voltage, V| (see Figure 2) 


VCC-+2 V C C+ 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


A and B inputs 


0.8 


V 


SM input \ 


0.6 


Operating free-air temperature, Ta 


SN65C198 


-40 85 


°c 


SN75C198 


0 70 
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electrical characteristics over recommended operating free-air temperature range, Vqc± = ±12 V, 
SM at 2 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level output voltage 


V| H = 0.8 V, R|_ = 3 kQ 


V C C± = ±5V 


4 


V 


V C C± = ±12V 


10 


Vol Low-level output voltage (see Note 2) 


V|H = 2V, R L = 3kQ 


V C C±=±5V 


-4 


V 


V C C± = ±12V 


-10 


l|H High-level input current 


V| = 5V 


10 


MA 


1 1 1_ Low-level input current 


V| = 0V 


-10 


mA 


loz High-impedance-state output current 


SM at 0.6 V 


Vo = 12V, 
V C C± = ±12V 


100 




Vq = -12V, 
V C C± = ±12V 


-100 


'OS(H) High-level short-circuit output current* 


V| = 0.8V, Vo-0orVcc- 


-4.5 -10 -19.5 


mA 


'OS(L) Low-level short-circuit output current* 


V|-2V, V O = 0orVcc+ 


4.5 10 19.5 


mA 


r 0 Output resistance 


VCC± = 0. VQ = -2Vto2V 


300 


Q 


ICC + Supply current from Vrjc + 


A and B inputs at 0.8 V or 2 V, 
No load 


V C C± = ±5V 


90 160 


MA 


V C C± = ±12V 


95 160 


A and B inputs at 0.8 V or 2 V, 
RL = 3kG, SM at 0.6 V 


VCC±=±5V 


40 


V C C± = ±12V 


40 


l(X- Supply current from Vcc- 


A and B inputs at 0.8 V or 2 V, 
No load 


VCC±=±5V 


-90 -160 


ma 


V C C± = ±12V 


-95 -160 


A and B inputs at 0.8 V or 2 V, 
R|_ = 3kQ, SM at 0.6 V 


V C C±=±5V 


-40 


V C C± = ±12V 


-40 



t All typical values are at Ta = 25°C. 

$ Not more than one output should be shorted at a time. 

NOTE 2: The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 



levels only, e.g., if - 1 0 V is a maximum, the typical value is a more negative voltage. 



switching characteristics over recommended operating free-air temperature range, Vqq ± = ±12 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


l PLH Propagation delay time, low- to high-level output§ 


R|_ = 3 kQ to 7 kQ, Cl=15 pF, 
See Figure 1 


3 


MS 


*PHL Propagation delay time, high- to low-level output§ 


3.5 


lis 


*TLH Transition time, low- to high-level output^ 


0.53 1 3.2 


MS 


tjHL Transition time, high- to low-level output^ 


0.53 1 3.2 


MS 


*TLH Transition time, low- to high-level outpu# 


Rl_ = 3 k£l to 7 kQ, Cl = 2500 pF, 
See Figure 2 


1.5 


MS 


tjHL Transition time, high- to low-level output* 


1.5 


MS 


tpZH Output enable time to high level 


RL = 3 kQ to 7 k£2, C|_ = 15 pF, 
See Figure 3 


50 


MS 


tpHZ Output disable time from high level 


10 


MS 


tpzL Output enable time to low level 


R|_ = 3 kfl to 7 kQ, C|_ = 15 pF, 
See Figure 4 


15 


MS 


tpi_z Output disable time from low level 


10 


MS 


SR Output slew rate* 


R|_ = 3 kQ to 7 kQ, Cl=15 pF 


6 15 30 


V/ms 



t All typical values are at T/\ = 25°C. 

§*PHL ana " tPLH include the additional time due to on-chip slew rate and are measured at the 50% points. 
1f Measured between 1 0% and 90% points of output waveform 
* Measured between 3-V and -3-V points of output waveform 
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input 



Pulse 
Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 



£> 



— Output 
(see Note B) 



Output 



tPHL-H-*" , tpLH 
\J90% if 



tTHL^I k- -*\ N-tTLH 

TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w = 25 us, PRR = 20 kHz, Zq - 50 Q, t r = tf <50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 1. Test Circuit and Voltage Waveforms, Propagation and Transition Times 



3V 

ov 

v 0 H 

vol 



Input 



Pulse 
Generator 
(see Note > 



Input 



X 



rl: 



Output 



3 V 



(see Note B) 



Output 



3V 

0V 
VOH 



3 V 



tTHL-»| |*- _^|«_ 



*TLH 



VOLTAGE WAVEFORMS 

TEST CIRCUIT 

NOTES: A. The pulse generator has the following characteristics: t w = 25 jis, PRR = 20 kHz, Zq = 50 Q, t r = tf <50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms, Transition Times 



Pulse 




Generator 


- — o 


(see Note A) 





Input 



Input 



yf 15V 15V \ 



ov- 



o 



Rl: 



— Output 

: C L 
(see Note B) 



j*->f- tpZH 



Output 



VOH/2 
tPHZ 



0.5 V 



^3 



3V 
0V 

VOH 

V of f «0V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w = 25 |is, PRR = 20 kHz, Zq = 50 Q, t r = tf <50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Input 



Pulse 






Generator 


— < 


> 


(see Note A) 






3V _ 


( 





Input 



I.5V 



£> 



Rl: 



- Output 
(see Note B) 



tPZL 



Output 



\ 



VOL/2 



VOLTAGE WAVEFORMS 



* — -f vol 



3V 
0V 



V off «0V 
0.5 V 



TEST CIRCUIT 

NOTES: A. The pulse generator has the following characteristics: t w = 25 us, PRR = 20 kHz, Zo = 50 Q, t r = tf <50 ns. 
B. Cl includes probe and jig capacitance. 

Figure 4. Driver Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



VOLTAGE TRANSFER CHARACTERISTICS 
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Vqc± = ±15V- 
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Figure 5 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATUREt 
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Figure 7 



OUTPUT CURRENT 
vs 

OUTPUT VOLTAGE 
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Figure 6 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATUREt 
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V) 






















> 


'OL(V 
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±12\ 


',V| = ! 
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11 
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T^ - Free-Air Temperature - °C 
Figure 8 



t Only the 0°C to 70°C portion of the curves applies to the SN75C1 98. 
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TYPICAL CHARACTERISTICS 



INPUT CURRENT 
vs 

FREE-AIR TEMPERATUREt 
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Figure 9 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATUREt 
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Figure 11 



POWER-OFF OUTPUT RESISTANCE 
vs 

FREE-AIR TEMPERATUREt 
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Figure 10 

OUTPUT SLEW RATE 
vs 

FREE-AIR TEMPERATUREt 
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Figure 12 



t Only the 0°C to 70°C portion of the curves applies to the SN75C198. 
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TYPICAL CHARACTERISTICS 
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Figure 13 



OUTPUT TRANSITION TIME 
vs 

FREE-AIR TEMPERATUREt 
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Figure 14 



OUTPUT ENABLE TIME TO HIGH LEVEL 
vs 

FREE-AIR TEMPERATUREt 



OUTPUT DISABLE TIME FROM HIGH LEVEL 

vs 

FREE-AIR TEMPERATUREt 
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Figure 15 
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Figure 16 



t Only the 0°C to 70°C portion of the curves applies to the SN75C1 98. 
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TYPICAL CHARACTERISTICS 
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vs 
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Figure 17 



OUTPUT DISABLE TIME FROM LOW LEVEL 
vs 

FREE-AIR TEMPERATUREt 
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Figure 18 



t Only the 0°C to 70°C portion of the curves applies to the SN75C198. 
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Meets or Exceeds the Requirements of ITU 
Recommendations V.10, V.11, X.26, and 
X.27 

Designed to Operate Up To 20 Mbaud 
-7 V to 7 V Common-Mode Input Voltage 
Range With 300-mV Sensitivity 

3-State TTL-Compatible Outputs 
High Input Impedance ... 12 Min 
Input Hysteresis ... 120 mV Typ 
Single 5-V Supply Operation 
Low Supply Current Requirement 
35 mA Max 

Improved Speed and Power Consumption 
Compared to MC3486 



description 



The SN75ALS199 is a monolithic, quadruple line 
receiver with 3-state outputs designed using 
advanced, low-power, Schottky technology. This 
technology provides combined improvements in 
bar design, tooling production, and wafer 
fabrication, providing significantly less power 
consumption and permitting much higher data 
throughput than other designs. The device meets 
the specification of ITU Recommendations V.10, 
V.11, X.26, and X.27. . 

The SN75ALS199 features 3-state outputs that 
permit direct connection to a bus-organized 
system with a fail-safe design that ensures the 
ouptuts will always be high if the inputs are open. 
The device is optimized for balanced multipoint 
bus transmission at rates up to 20 megabits per 
second. The input features high-input impedance, 
input hysteresis for increased noise immunity, and 
an input sensitivity of ±300 mV over a 
common-mode input voltage range of ±7 V. It also 
features an active-high enable function for each of 
two receiver pairs. The SN75ALS199 is designed 
for optimum performance when used with the 
SN75ALS194 quadruple, differential line driver. 

The SN75ALS199 is characterized for operation 
from 0°C to 70°C. 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12, 
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PRODUCTION DATA information Is current as of publication date. 
Products conform to specifications par the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL INPUTS 
A-B 


EN 


OUTPUT 
Y 


V {D >0.3V 


H 


H 


-0.3 V<V| D < 0.3 V 


H 


? 


V|D<-0.3V 


H 


L 


X 


L 


Z 


Open 


H 


H 



H = high level, L = low level, X = irrelevant, 
? = indeterminate, Z = high impedance (off) 



schematics of inputs and outputs 



EQUIVALENT OF EACH A OR B INPUT 

v C c f— 

3kQ> 



18 kQ 



Input 



300 kQ 





40 kn 



V C C(A) 

or 
GND (B) 



;2kG 




EQUIVALENT OF EACH ENABLE INPUT 

Vcc- 



22 




5kQ 



Input 



TYPICAL OF ALL OUTPUTS 




VCC 



Output 



150 kQ> 1.5 tell 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x (see Note 1 ) 7 V 

Input voltage, V| (A or B inputs) ±1 5 V 

Differential input voltage, V|d (see Note 2) ±1 5 V 

Enable input voltage, V| 7 V 

Low-level output current, Iql 50 mA 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg - 65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 


PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING 
FACTOR 


Ta = 70°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


Common-mode input voltage, Vjc 


±7 


V 


Differential input voltage, Vjo 


±12 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, IrjH 


-400 


ma 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, T/\ 


0 70 


OQ 
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electrical characteristics over recommended ranges of common-mode Input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 




300 


mV 


V|j_ Negative-going input threshold voltage 




-300* 


mV 


V nV s Hysteresis voltage (V| j + - V|t_) 




120 


mV 


V|k Enabie-input clamp voltage 


l|=-~18mA 


-1.5 


V 


Vqh High-level output voltage 


V|D = 300mV, loH 55 - 40 ^^ 


2.7 3.6 


V 


VOL Low-level output voltage 


V|D = -300mV 


Iql 88 8 mA 


0,45 


V 


l0L= 16 mA 


0.5 


^OZ High-impedance-state output current 


V|L-0.8V, V| D = -3V, Vo = 2.7V 


20 




V| L = 0.8 V, V|o = 3V, Vo = 0.5 V 


-20 


1 1 Line input current 


Other input at 0 -V, 
See Note 3 


V| = 15V 


0.7 1.2 


mA 


V| = -15V 


-1 -1.7 


l|H High-level enable-input current 




Vjh = 2.7 V 


20 


pA 


VjH = 5.25 V 


100 


l|L Low-level enable- input current 


V|L « 0.4 V 


-100 


|iA 


Input resistance 




12 18 


kQ 


Iqs Short-circuit output current§ 


V }D = 3 V, V 0 - 0 


-15 -78 -130 


mA 


ICC Supply current 


Outputs disabled 


22 35 


mA 



t AS! typical values are at Vcc 5 V, Ta - 25°C. 

$ The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
NOTE 3: Refer to ITU Recommendations V. 10 and V. 11 for exact conditions. 



switching characteristics, Vqq = 5 V, ~ 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpj_H Propagation delay time, low- to high-level output 


V|D = 0 Vto3V, C L =15pR 

See Figure 2 


15 22 


ns 


tpHL Propagation delay time, high- to low-level output 


15 22 


tpzH Output enable time to high level 


C|_= 15 pF, See Figure 3 


13 25 


ns 


tpzi_ Output enable time to low level 


11 25 


tPHZ Output disable time from high level 


C|_=15pF, See Figure 3 


13 25 


ns 


tpLZ Output disable time from low level 


15 22 
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PARAMETER MEASUREMENT INFORMATION 




Generator 
(see Note A) 


| 50 Q 







1.5 V- 



Figure 1. V 0 h and V 0 |_ Test Circuit 
Output 



2V- 



( 



Cl = 15pF J_ 
(see Note B) 



Input 



1.5 V-j 



tPLH 
Output 



\l.5V 



3V 



-0V 



tpHL 

_J V 0H 



1.3 V 



-vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zq = 50 Q, 
i r < 6 ns, tf < 6 ns. 
B. Cl includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms 
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SW1 



PARAMETER MEASUREMENT INFORMATION 



Output 




CL = 15pF. 
(see Note B)' 







Generator 
(see Note A) 




< 51 a 





;5kD 



2kn s ™ 2 

-AAA/ — CT O — 5 V 



See Note C 



^SW3 



TEST CIRCUIT 



Input 




tpzH 



3V 

SW1 to 2.5 V 
1.5 V SW2 Open 
SW3 Closed 

OV 



Output 



tpZH 



VOH 
1.5 V 
OV 



Input 



Output 



tpZL ■ 



3V 

1.5V 

SW1tO-2.5V 
-I— OV SW2 Closed 
SW3 Open 



J V: 



tpZL 



y 4.5 V 

5 V 

vol 



Input 



1.5 V 



I 

I 

tPHZ~~ *l 



Output 



0.5 V 

r 



tPHZ 



•3V 



OV 



SW1 to 2.5 V 
SW2 Closed 
SW3 Closed 



VOH 
V 



Input 

tpLZ" 
Output 



-1.5 V 



5 V 



tPLZ 



VOLTAGE WAVEFORMS 



3V 

SW1 to -2.5 V 
SW2 Closed 
SW3 Closed 
OV 



1.4 V 

vol 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zq = 50 ft, 
t r < 6 ns, tf < 6 ns. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 

Figure 3. Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



> 

i 



o 

i 

o 



5 
4.5 
4 

3.5 
3 

2.5 
2 

1.5 
1 

0.5 
0 



OUTPUT VOLTAGE 
VS 

ENABLE VOLTAGE 



0.5 



V|d = 300 mV 

v lc = o 

R L = 8kfttoG 










ND 


V 


CC = 5.£ 


>V 










V C C = 5V 










V 


CC = 4-S 


V 























































































1 1.5 2 
Enable Voltage -V 

Figure 4 



2.5 



> 

l 

o 
o> 

3 

$ 

3 

a- 

3 

O 

I 

>° 



4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



I 










■ T A = 7 
T A = 2 
T A = 0 


o°c — 














5°C — 






> 








°C 
















































































v c 

V|£ 


C = 5 V 
) = 300 mV 

: = o 

= 8kQto GND 

„ I 












- V|< 
Rl 





0.5 



1 1.5 2 

Enable Voltage -V 

Figure 5 



2.5 



> 

l 

£ 



o 

i 

> 0 



OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



Vcc = 5.5 V 



V C c = 5V 



V C C = 4.5 V 



0.5 



V| D = -300 mV 
V, C = 0 

R|_ = 1 kQ to Vcc 
T A = 25°C 



1 1.5 2 
Enable Voltage - V 

Figure 6 



2.5 



> 

i 

o 



O 

I 

>° 



OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 




Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-829 



SN75ALS199 

QUADRUPLE DIFFERENTIAL LINE RECEIVER 



SLLS046C - JANUARY 1989 - REVISED MAY 1995 



> 

I 



8 

I 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 



V C C = 5V' 
V|c = -12Vto1 

io = o 


I 

2V 










'A = 














































\ 








,V, T 


+ 

































-200 -150 -100 -50 0 50 100 150 200 
V|d - Differential Input Voltage - mV 

Figure 8 



> 
i 

B 



a- 

3 

O 



X 
X 

>° 



HIGH-LEVEL OUTPUT VOLTAGE 

vs 

FREE-AIR TEMPERATURE 



k>H 

'OH 


= 0 
s-40 


0\iA 












































vcc 

V|D 

vie 


; = 5V 
= 300 
= 0 


mV 













10 20 30 40 50 60 70 
T A - Free-Air Temperature - °C 

Figure 9 



80 



HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 



HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 



> 

i 



S- 

3 

o 

1 

—j 
x: 
u> 
X 

I 

X 

>° 



5 
4.5 
4 

3.5. 
3 

2.5 

2 

1.5 

1 

0.5 
0 















— i 

V|C 


™T" "T — 

j = 300mV — 
= 25°C 














vie 
































VCC = 5.5 V 

S ! 














^ycc = 5V 
















vcc 


I 

= 4.5V 





















































































0 -10-20-30 -40-50 -60 -70 -80-90-100 
Iqh - Hlgh-Level Output Current - mA 

Figure 10 



> 

i 



3 

o 



X 

I 

X 

>° 



5 
4.5 

4 

3.5 
3 

2.5 

2 
1.5 
1 

0.5 
0 















V C C = 5V 














v JC = o 


/V III v — 




















































U T A = 0°C 
l I 
















T A = 25°C 

' I I 
















I 




0°C 



































































-10-20 -30 -40 -50 -60 -70 -80 -90-100 
Iqh - High-Level Output Current - mA 

Figure 11 
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TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



0.4 
0.35 

0.3 
0.25 

0.2 
0.15 

0.1 
0.05 
0 



I I 

V C C = 5 V 

Vin = -300mV 














= 0 




































8 mA 






























«0 = 


0 











































0 10 20 30 40 50 60 70 80 
T/\ - Free- Air Temperature - °C 

Figure 12 



> 

i 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 




10 20 30 40 50 60 70 
SOL " Low-Level Output Current - mA 

Figure 13 



m 
B 



>° 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 




10 20 30 40 50 60 70 
'OL ™ Low-Level Output Current - mA 

Figure 14 
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< 

E 

I 

c 

£ 
8 



I 

8 



TYPICAL CHARACTERISTICS 



SUPPLY CURRENT 

vs 

SUPPLY VOLTAGE 



50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 



I 

V|D = -3C 

- v, c = o 

|Q = 0 


K> mV 
























t a 


= 25°C 






































Disabl 


ed A 
















y En, 


abied 





































































2 3 4 5 6 
Vqc - Supply Voltage - V 

Figure 15 



i 

i 



o 
>» 

%. 

3 

(0 

I 



SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 



30 



25 



20 



15 



10 





I 

V C C = 5.5 














I | 
V C C = 5V 

— t I 














V C C = 4.5V 












































0 mV 












Outputs Enabled 

io = o 

I I I 











10 20 30 40 50 60 70 
Ta - Free-Air Temperature - °C 

Figure 16 



80 



< 
E 

I 



o 



<0 

I 

8 



30 



25 



20 



15 



10 



SUPPLY CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 







^— — v c 


:c = 5.5 V - 




— l 


* 1 

V^ = 5V 




1 


4 ' 1 

Vrr = 4.5 V 


















io = o 

Outputs 


Enabled 






V| C = 0 
Ta = 25°C 

I 







-200 -100 0 100 

V|d - Differential Input Voltage - mV 

Figure 17 



200 



I 

c 
£ 

3 

o 

>» 

Q. 

a 

3 

(0 

I 



40 
35 
30 
25 
20 
15 
10 
5 



SUPPLY CURRENT 
vs 

FREQUENCY 

— I I I I Mi ll 

V C C = 5 V 

Vj = ± 1 .5-V Square Wave 
C L = 15 pF 

Four Channels Driven 
T A = 25°C 




10 k 100 k 1M 10 M 

f - Frequency - Hz 

Figure 18 
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TYPICAL CHARACTERISTICS 



i 

S 

c 

3 



30 



25 



20 



15 



£ 10 



INPUT RESISTANCE 
vs 

FREE-AIR TEMPERATURE 



10 20 30 40 50 60 70 

Ta - Free-Air Temperature - °C 

, Figure 19 

SWITCHING TIME 
vs 

FREE-AIR TEMPERATURE 



80 



30 



25 



20 



15 



10 





r 1 

C = 5V 
= 15p 


r 

r 

F 






tPLH 














tp 






r-t f 


>ZH 






tF 


»HZ^ 
















tp> 


-IL 


> 




HZ 




t 


PZL 




I 1 

tpZH 





















10 20 30 40 50 60 70 
Ta - Free-Air Temperature - °C 

Figure 21 



80 



INPUT CURRENT 
vs 

INPUT VOLTAGE TO GND 



< 

E 1 

i 

I 

I 0 

3 

a 

c 

T -1 



E 



S 
a. 

i 



1 

t a 


= 25°C 


J 





























































































-20 -15 -10 -5 0 5 10 15 
V| - input Voltage to GND - V 
Figure 20 

PROPAGATION DELAY TIME 

vs 

SUPPLY VOLTAGE 



20 



I "I ' I 

CL = 15pF 
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V = 25 
















n — 
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Vcc - Supply Voltage - V 

Figure 22 
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Plug-In Replacement for SN75107A and 
SN75107B With Improved Characteristics 
± 1 0-mV Input Sensitivity 
TTL-Compatible Circuitry 
Standard Supply Voltages ... ±5 V 

Differential Input Common-Mode Voltage 
Range of ±3 V 

Strobe Inputs for Channel Selection 
Totem-Pole Outputs 

SN75207B Has Diode-Protected Input Stage 
for Power-Off Condition 
Sense Amplifier for MOS Memories 
Dual Comparator 

High-Sensitivity Line Receiver 



D OR N PACKAGE 
CTOP VIEW) 



1A[ 




u 

14 


]v C c + 


1B[ 


2 


13 


]v C c- 


NC[ 


3 


12 


]2A 


1Y[ 


4 


11 


]2B 


1Q[ 


5 


10 


]NC 


S[ 


6 


9 


]2Y 


GND[ 




8 


]2G 



NC - No internal connection 

THE SN75207 IS NOT RECOMMENDED 
FOR NEW DESIGNS. 



description 



The SN75207 and SN75207B are terminal-for-terminal replacements for the SN75107A and SN75107B, 
respectively. The improved input sensitivity makes them more suitable for MOS memory sense amplifiers and 
can result in faster memory cycles. Improved sensitivity also makes them more useful in line-receiver 
applications by allowing use of longer transmission line lengths. The '207 and 9 2G7B each features a 
TTL-compatible, active-puliup output. 

The essential difference between the SN75207 and SN75207B can be seen in the schematics. Input protection 
diodes are in series with the collectors of the differential-input transistors of the SN75207B. These diodes are 
useful in certain party-line systems that may have multiple Mqq + power supplies and may be operated with some 
of the Vcc+ supplies turned off. In such a system, if a supply is turned off and allowed to go to ground, the 
equivalent input circuit connected to that supply would be as follows: 



Input 



1 



Input 



SN75207 SN75207B 

This would be a problem in specific systems that might have the transmission lines biased to some potential 
greater than 1 .4 V. 

These devices are characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 



DIFFERENTIAL INPUTS 


STROBES 


OUTPUT Y 


A-B 


G S 


V|D>10mV 


X X 


H 




X L 


H 


-10mV<V|D<10mV 


L X 


H 




H H 


Indeterminate 




X L 


H 


V| D <-10mV 


L X 


H 




H H 


L 



H = high level, L = low level, X = irrelevant 
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logic symbolt 



logic diagram (positive logic) 



1A 
1B 
1G 
2A 
2B 
2G 





I 


1 




2 


rs 


5 


12 


11 


rs 


8 



E=3 



1Y 



2Y 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



IB-^-C^^ 



1G 

2G 
2A 

2B 



3> 



1Y 



2Y 



schematic (each receiver) 
vcc 14 




GND 



vcc 



Resistor values shown are normal. 



To Other Receiver 
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design characteristics 

The '207 and '207B line receivers/sense amplifiers are TTL-compatible, dual circuits intended for use in 
high-speed, data-transmission systems or MOS memory systems. They are designed to detect low-level 
differential signals in the presence of common-mode noise and variations of temperature and supplies. The dc 
specifications reflect worst-case conditions of temperature, supply voltages, and input voltages. 

The input common-mode voltage range is ±3 V. This is adequate for application in most systems. In systems 
with requirements for greater common-mode voltage range, input attenuators may be used to decrease the 
noise to an acceptable level at the receiver-input terminals. 

The circuits feature individual strobe inputs for each channel and a strobe input common to both channels for 
logic versatility. The strobe inputs are tested to ensure 400 mV of dc noise margin when interfaced with Series 
54/74 TTL 

The circuits feature high input impedance and low input currents, which induce very little loading on the 
transmission line. This makes these devices especially useful in party-line systems. The excellent input 
sensitivity (3 mV typical) is particularly important when data is to be detected at the end of a long transmission 
line and the amplitude of the data has deteriorated due to cable losses. The circuits are designed to detect input 
signals of 10-mV (or greater) amplitude and convert the polarity of the signal into appropriate TTL-compatible 
output logic levels. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, V<x+ (see Note 1) 7 V 

Supply voltage, Vqc- (see Note 1) -7 V. 

Differential input voltage, V|q (see Note 2) ±6 V 

Common-mode input voltage, V|c (see Note 3) ±5 V 

Strobe input voltage 5.5 V 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g — . . . — -65°C to 150°C 



Lead temperature 1,6 mm (1/1 6 inch) from case for 10 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential voltages, are with respect to GND terminal. 

2. Differential input voltage values are at the noninverting (A) terminal with respect to the inverting (B) terminal. 

3. Common-mode input voltage is the average of the voltages at the A and B inputs. 



DISSIPATION RATING TABLE 


PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


D 
N 


950 mW 
1050 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
636 mW 
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recommended operating conditions (see Note 4) 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc + 


4.75 5 5.25 


V 


Supply voltage, Vcc- 


-4.75 -5 -5.25 


V 


High-level differential input voltage, V|D(H) (see Note 5) 


0.01 5 


V 


Low-level differential input voltage, Vjd(L) 


-5t -0.01 


V 


Common-mode input voltage, Vjc (see Notes 5 and 6) 


~3t 3 


V 


Input voltage, any differentia! input to ground (see Note 5) 


-5t 3 


V 


High-level input voltage at strobe inputs, V|H(S) 


2 5.5 


V 


Low-level input voltage at strobe inputs, V|j_($) 


0 0.8 


V 


Low-level output current, Iql 


-16 


mA 


Operating free-air temperature, Ta 


0 70 


°C 



t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic voltage 

levels only. 



NOTES: 4. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one of the 
differential inputs of the unused receiver should be terminated at some voltage between - 3 V and 3 V. 

5. The recommended combinations of input voltages fall within the shaded area of the figure shown. 

6. The common-mode voltage may be as low as -4 V provided that the more positive of the two inputs is not more negative than -3 V. 



> 
i 



a 

a 
e 



Inputs - B-to-Ground Voltage - V 
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electrical characteristics over recommended free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIKI TYPt MAY 
IVIII>I 1 Trl IVlMA 


unit 

UNI 1 


. High-level input cur- 
IH rent 


'207 


V C C± = ± 5.25 V 


V| D = 5V 


30 75 


HA 


'207B 


V| D = -5V 


30 75 


. Low-level input cur- 
l|L rent 


'207 


VCC± = ± 5.25 V 


V| D = -5V 


— I u 


MA 


'207B 


V| D = 5V 


-10 


. High-level input current 
,H intolGor2G 


Vqc± = ± 5.25 V, V|H(S) = 2.4 V 


40 


ma 


Urtrt, - + *S 2*i V Viu/o\ - + *5 2*S V 
v OU± — — °-^ ,J v » v ln(o) — — <J - £ -° v 


1 


mA 


■ Low-level input current 
IL intolGor2G 


V C C± = ± 5.25 V, V| L(S ) = 0.4V 


-1.6 


mA 


l|H High-level input current into S 


V C C± = ± 5.25 V, V| H (S) = 2.4V 


80 


\iA 


V C C± = ± 5.25 V, V| H (S) = ± 5.25 V 


2 


mA 


l|_ Low-level input current into S 


V C C± = - 5.25 V, V| L(S) = 0.4V 


-3.2 


mA 


V(DH High-level output voltage 


VCC+ = ± 4-75 V, V| L (S) = 0.8 V, V| D(H ) = 1 0 mV, 
Iqh = -400 pA, V|c = -3 V to 3 V 


2.4 


V 


Vol Low-level output voltage 


Vcc± = ± 4-75 V, V| H (S) = 2 V, V| D(L) = -10 mV, 
Iql- 16 mA, Vjc = -3Vto3V 


0.4 


V 


lOH High-level output current 


Vcc± = ± 4.75 V, Voh = ±5-25 V 


400 


HA 


Iqs Short-circuit output current* 


V C C± = ± 5.25 V 


-18 -70 


mA 


ICC+ Supply current from Vqc + 


Vcc± = ± 5.25 V, T A = 25°C, Outputs high 


18 30 


mA 


ICC- Supply current from Vcc- 


VCC± = - 5.25 V, T A = 25°C, Outputs high 


-8.4 -15 


mA 



t All typical values are at V_c+ = 5 V, Vcc- = -5 V, T A = 25°C. 
$ Not more than one output should be shorted at a time. 

switching characteristics, Vqc+ = 5 V, Vqc- = -5 V, = 25°C 



PARAMETER 


TEST 
CONDITIONS 


MIN MAX 


UNIT 


tPLH(D) 


Propagation delay time, low- to high-level output* from differential inputs A and B 




35 


ns 


tPHL(D) 


Propagation delay time, high- to low-level output' from differential inputs A and B 


R L = 470 Q, 
C L =50 pF, 
See Figure 1 


20 


ns 


tPLH(S) 


Prbpagation delay time, low- to high-level output, from strobe input G or S 


17 


ns 


tPHL(S) 


Propagation delay time, high- to low-level output, from strobe input G or S 


17 


ns 
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PARAMETER MEASUREMENT INFORMATION 



Differential 
Input 



Pulse 
Generator 
(see Note A) 




Strobe 
Input 
(see Note B) 



2G 



50 Q 

■-A/W-- 



Pulse 

Generator 
(see Note A) 



VCC+ 



1 



Output 

-4_ 



Cl = 50 pF 
(see Note C) 

t H H H I 



-±r See Note D 



470 Cl< 



TEST CIRCUIT 



40 mV 
B 

0V 
3V 



G orS 



VOH 



VOL 



10mV^p ^10 mV 



tw1 



tPHL(D) 



N-tpLH(D) 



1.5 Vic 



1.5 V 




tPLH(S) 



tw2 



-40 mV 



V— 3V 

/1.5V 

4 ov 



1.5 V 



yT 1.5 V 



0V 

tPHL(S) ~*\ H~ 
— v-4 V 0H 



1.5 V 




vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generators have the following characteristics: Zo » 50 O, t r < 5 ns, tf < 5 ns, t w -| = 500 ns with PRR = 1 MHz, t W 2 = 1 
with PRR = 500 kHz. 

B. Strobe input pulse is applied to Strobe 1 G when inputs 1A-1B are being tested, to Strobe S when inputs 1A-1B or 2A-2B are being 
tested, and to Strobe 2G when inputs 2A-2B are being tested. 

C. Cl includes probe and jig capacitance. 

D. All diodes are 1N9 16. 

Figure 1 . Test Circuit and Voltage Waveforms 



Texas 
Instruments 

2-840 POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 



SN75207, SN75207B 
DUAL SENSE AMPLIFIER FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 



SLLS096B - JULY 1 973 - REVISED MAY 1 995 



APPLICATION INFORMATION 



Strobes 



Input 
From 
TTL 



SN75361A 
or 

SN75452B 



MOS Memory 



Drive 



: 100 ft 



Dummy 
Line 




100 £2 



1/2 '207 or »207B 



Vref 
Adjustment 



— V 

Memory 



Figure 2. Mos Memory Sense Amplifier 



Output 
to TTL 



Rt 



r-A/W- 



Data input 



Inhibit 



Driver 1 



Receiver 1 




Receiver 2 



Strobes 




Strobes 
Transmission Line Having 
Characteristics Impedance Zq 



Location 2 



Driver 3 




Receiver 4 




Driver 4 



Strobes 
RT 



Location 1 



Location 3 



Location 4 



Receivers are '207 or '207B; drivers are SN551 09A, SN751 09A, SN551 1 0A, SN751 1 0A, or SN751 1 2. 

Figure 3. Data-Bus or Parity-Line System 

PRECAUTIONS: When only one receiver in a package is being used, at least one of the differential inputs of the 
unused receiver should be terminated at some voltage between -3 V and 3 V, preferably at GND. Failure to do so 
will cause improper operation of the unit being used because of common bias circuitry for the current sources of the 
two receivers. Strobe G of the unused channel should be grounded. 
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DW PACKAGE 
CTOP VIEW) 



TOUT3[ 


• 


28 


] TOUT4 


TOUT1 [ 


2 


27 


]RIN3 


TOUT2[ 


3 


26 


] ROUT3 


RIN2[ 


4 


25 


] SHUTDOWN 


ROUT2[ 


5 


24 


] EN 


TIN2[ 


6 


23 


]RIN4 


TIN1[ 




22 


] ROUT4 


ROUT1 [ 


8 


21 


]TIN4 


RIN1 [ 


9 


20 


] TIN3 


GND[ 


10 


19 


] ROUT5 


v C c[ 


11 


18 


]RIN5 


C1+[ 


12 


17 


]v ss 


v D d[ 


13 


16 


]C2~ 


C1-[ 


14 


15 


]C2 + 



Operates With Single 5-V Power Supply 

Meets or Exceeds the Requirements of 
ANSI Standard EIA/TIA-232-E and ITU 
Recommendation V.28 
Improved Performance Replacement for 
MAX241 

Operate at Data Rates Up to 100 kbs Over a 
3-Meter Cable 

Low-Power Shutdown Mode: <1 llA Typ 
LinBiCMOS™ Process Technology 
Four Drivers and Five Receivers 
±30-V Input Levels 
3-State TTL/CMOS Receiver Outputs 
±9-V Output Swing With a 5-V Supply 

Applications 

- EIA/TIA-232-E Interface 

- Battery-Powered Systems 
-Terminals 

-Modems 
-Computers 

description 

The SN75LBC241 1 is a low-power LinBiCMOS™ line interface device containing four independent drivers and 
five receivers. It is designed to provide a plug-in replacement for the Maxim MAX241 . The SN75LBC241 
provides a capacitive charge-pump voltage generator to produce EIA/TIA-232 voltage levels from a 5-V supply. 
The charge-pump oscillator frequency is 20 kHz. Each receiver converts EIA/TIA-232 inputs to 5-V TTL/CMOS 
levels. The receivers have a typical threshold of 1 .2 V and a typical hysteresis of 0.5 V, and can accept ±3Q-V 
inputs. Each driver converts TTL/CMOS input levels into EIA/TIA-232 levels. 

The J>N75LBC241 includes a receiver, 3-state control line and a low-power shutdown control line. Whenever 
the EN line is high, the receiver outputs are placed in a high-impedance state. When EN is low, normal operation 
is enabled. 

The shutdown mode reduces power dissipation to less than 5 nW typically. In this mode, receiver outputs have 
high impedance, driver outputs are turned off, and the charge-pump circuit is turned off. When SHUTDOWN 
is high, the shutdown mode is enabled. When SHUTDOWN is low, normal operation is enabled. 

This device has been designed to conform to ANSI Standard EIA/TIA-232-E and ITU Recommendation V.28 
specifications. 

The SN75LBC241 has been designed using LinBiCMOS™ technology and cells contained in the Tl's LinASIC™ 
library. Use of LinBiCMOS™ circuitry increases latch-up immunity in this device over an all-CMOS design. 

The SN75LBC241 is characterized for operation from 0°C to 70°C. 



t Patent pending 

LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated. 



of publication date. Ha Copyright © 1 995, Texas Instruments Incorporated 

of Texas" — 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all 
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logic symbolt 



SHUTDOWN 
EN 
C1+ 
C1- 
C2+ 
C2- 

RIN1 
RIN2 . 
RIN3 
RIN4 
RIN5 • 
TOUT1 
TOUT2 - 
TOUT3 - 
TOUT4 - 



25 



cm 24 



12 



14 



15 



16 



vcc 
11^ 



logic diagram (positive logic) 

24 



EN2 
EN1 

CX 
CX 
CX 
CX 



DRV/RCV 



VDD 

vss 



13 



17 



9 


JT 1,2V 


8 


4 


5 


JT 1,2 V 


27 


s 2 « 


JT 1,2V 


23 


v 22 


JT 1,2V 


18 


v 19 


-IT 1,2V 




-+-!■ 


2 < 


» ✓ 




2 < 




—4 

— 4 — — 


2 < 


2H , 




2 < 







VDD 

vss 

R0UT1 

R0UT2 

R0UT3 

ROUT4 

ROUTS 

TIN1 

TIN2 

TIN3 

TIN4 



EN 
RIN1 

T0UT1 

RIN2 
T0UT2 

RIN3 
T0UT3 

RIN4 
TOUT4 

RIN5 



9 



pi 



27 



23 



28 



26 



20 



22 



21 



18 



10 



19 



ROUT1 
TIN1 

ROUT2 
TIN2 

ROUT3 
TIN3 

ROUT4 
TIN4 

ROUT5 



QND 

t This symbol is in accordance with ANSI/IEEE Std. 91 -1 984 and 
IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Input supply voltage range, V<x (see Note 1) -0.3 V to 6 V 

Positive output supply voltage range, Vqd Vcc - 0.3 V to 1 5 V 

Negative output supply voltage range, Vss • ■■• 0.3 V to -15 V 

Input voltage range, Vj: Driver — -0.3 V to Vcc + 0-3 V 

Receiver ±30 V 

Output voltage range, V 0 :TOUT V S s - 0.3 V to V DD + 0.3 V 

ROUT ,. -0.3 V to V C c + 0.3 V 

Short-circuit duration: TOUT unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to the network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


DW 


1348 mW 


10.8mW/°C 


862 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


High-level input voltage, Vm 


TIN 


2 


V 


EN, SHUTDOWN 


2.4 


Low-level input voltage, Vil 


TIN, EN, SHUTDOWN 


0.8 


V 


External charge-pump capacitor 


C1-C4 (see Figure 1) 


1 


jiF 


External charge-pump capacitor voltage rating 


C1, C3 (see Figure 1) 


6.3 


V 


C2, C4 (see Figure 1 ) 


16 


Receiver input voltage, V | 


±30 


V 


Operating free-air temperature, Ta 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level output voltage 


TOUT 


R|_*3kQ to GND, See Note 2 


5 9 


V 


ROUT 


IOH=~1 mA 


3.5 


Vol Low-level output voltage 


TOUT 


R L = 3 kQ to GND, See Note 3 


-9* -5 


V 


ROUT 


Iql = 3.2 mA 


0.4 


V|-r + Receiver positive-going input threshold voltage 


RIN 


V C C = 5V, T A = 25°C 


1.7 2.4 


V 


V|T- Receiver negative-going input threshold voltage 


RIN 


V C C = 5V, T A = 25°C 


0.8 1.2 


V 


V n ys Input hysteresis voltage (V|j + - V|j-) 


RIN 


V C C = 5V 


0.5 1 


V 


H Receiver input resistance 


RIN 


V C C = 5V, T A = 25°C 


3 5 7 


kQ 


r 0 Output resistance 


TOUT 


Vdd = v S s = v C c = o, V 0 = ±2V 


300 


Q 


lOS Short circuit output current§ 


TOUT 


VCC "5.5 V, V O = 0 


±10 


mA 


I IS Short circuit input current 


TIN 


V|-0 


200 


HA 


ICC Supply current 


Vcc = 5.5 V, T A = 25°C, 
All output open 


4 8 


mA 


Alt outputs open, T A = 25°C, 
Shutdown terminal high 


1 10 





t All typical values are at Vcc = 5 V, T A = 25°C. 

t The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage 
levels only. 

§ Not more than one output should be shorted at one time. 

NOTES: 2. Total Iqh drawn from TOUT1 , TOUT2, TOUTS, TOUT4 and Vqd terminal should not exceed 1 2 mA. 



3. Total Iql drawn from TOUT1 , TOUT2, TOUT3, TOUT4 and V$s terminal should not exceed -12 mA. 



switching characteristics, Vcc = 5 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpi_H(R) Receiver propagation delay time, 
low- to high-level output 


See Figure 2 


500 


ns 


tpHL(R) Receiver propagation delay time, 
high- to low-level output 


See Figure 2 


500 


ns 


tpzi-j Receiver output enable time to high level 


See Figure 5 


100 


ns 


tPZL Receiver output enable time to low level 


See Figure 5 


100 


ns 


tpnz Receiver output disable time from high level 


See Figure 5 


50 


ns 


tp|_z Receiver output disable time from low level 


See Figure 5 


50 


ns 


SR Driver slew rate 


R|_ = 3 kQ to 7 kO, See Figure 4 


30 


V/|AS 


SR/tr) Driver transition region slew rate 


C|_ = 2500 pF, See Figure 4 


4 6 


V/|AS 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-845 



SN75LBC241 

LOW-POWER LinBiCMOS™ MULTIPLE DRIVERS AND RECEIVERS 



SLLS137D - MAY 1992- REVISED MAY 1995 



APPLICATION INFORMATION 

5-V Input 



C1 
1uF 



12 



6.3 V 



15 



1 M-F^k 



16V 



^p* 16 



C1+ 
C1- 


vcc 

5-V to 10- V 
Voltage Doubler 


V D D 


C2+ 
C2- 


10-V to-10-V 
Voltage Inverter 


v S s 



TIN1 — 



TIN2 



TTL/CMOS <; 
Inputs 



TIN3 — 



20 



TIN4— 



21 



TTL/CMOS, 
Outputs 



ROUT1 4- 



ROUT2 4- 



ROUT3 — 4- 



26 



ROUT4 4- 



22 



ROUT5 4- 



EN -—fr- 



ig 



24 



11 



vcc 



' 400 kQ 



vcc 



►400kQ 



Vcc «^T2 

> 400 kQ 



ft?- 



VCC l^T3 

> 400 kQ 



ft? 



5 kQ 



R2 ^ 



51 



5kQ 



R3 ^ ~ 



5 kQ 



R4^, 



53 



5 kQ 



5 kQ 



13 



C3 
- 1|iF 
+ 6.3 V 



17 



1|iF 
J_+ 16 V 



28 



27 



23 



18 



25 



GND 



Figure 1. Typical Operating Circuit 



TOUT1 

TOUT2 

TOUT3 

TOUT4 
RIN1 

RIN2 

RIN3 

RIN4 

RIN5 
SHUTDOWN 



EIA/TIA-232 
Outputs 



EIA/TIA-232 
Inputs 
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PARAMETER MEASUREMENT INFORMATION 



<10ns 



vcc 



Generator 


RIN I 


(see Note A) 







- z&z—x'z 



-++■ 



<10ns 



See Note C 
C|_ r 50 pF 
(see Note B) 



H— 500 m -*\ 
I I 
tPHL(R) "I* ►! 



Output 



tPLH{R) 

1 ! 



3V 
0V 

V 0 H 

vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 2. Receiver Test Circuit and Waveforms for tpHL and tpLH Measu r .went 

<10ns - »> H J l 



Inpyt 



Generator 




(see Note A) 





TOUT 




90% 



«l 



EIA/TIA-232 
Output 



Cl = 10 pF 
(see Note B) 



< 10 ns 
90% 



10% J/ 50% 50% ^ 10% 

tTHL -+| I 4 " -~*| f*~ *TLH 



Output 



o%V_™ 



10% 



90% 

10% 



3V 

0V 

I 

VOH 

vql 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

Figure 3. Driver Test Circuit and Waveforms for tpHL and tp^n Measurement (5-lis Input) 



Generator 




(see Note A) 


— t 



3kQ 



EIA/TIA-232 
Output 



< 10 ns 
Input 



I i 



90%! J -~~=t4" 



<10ns 

90% 

10% 



3V 
0V 



Output 



W 20 ^ — H 

tTHL j*" ->! i«~ tTLH 

3V\ 



3V 



I jrjy- V OH 



-3 V 



TEST CIRCUIT 



vol 



SR: 



6V 



VOLTAGE WAVEFORMS 



tTHL or *TLH 

Figure 4. Test Circuit and Waveforms for tjHL and Ijlh Measurement (20-lis Input) 

NOTES: A. The pulse generator has the following characteristics: Zq = 50 Q, duty cycle < 50%. 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064 or equivalent. 
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PARAMETER MEASUREMENT INFORMATION 



EN 



ROUT 
Cl = 150 pF 



3V 
OV 



tpZL ortpZH 



3.5 V 
0.8 V 



EN 



ROUT 
Rl_ = 1 kQ 



3V 



— _ OV 

tpLZ or tpHZ 



vqh-o.1 V 



a c vql + 0.1 v 



2.5 V 



Figure 5. Receiver Output Enable and Disable Timing 
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QUADRUPLE RS-423-B DRIVER/RECEIVER 



SLLS1 87A - NOVEMBER 1 994 - REVISED AUGUST 1 995 



Four Independent Drivers and Receivers 

Driver Slew Rate Controlled by a Single 
Resistor 

Fast Driver Transition Times Down to 
1.5 lis and Receiver Transition Times of 
20 ns Typ 

Internal Thermal-Overload Protection 
RS-423-B Inputs and Outputs Designed to 
Withstand ±25 V 

ESD Protection Exceeds 2000 V Per 
MIL-STD-833C Method 3015 
LinBICMOS™ Process Technology 



description 



DW PACKAGE 
(TOP VIEW) 



3A [ 


, u 

1 


28 


] BIAS 


3Z[ 


2 


27 


]2Z 


BIAS [ 


3 


26 


] 2A 
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FUNCTION TABLE 



INPUTS 
ABC 


OUTPUTS 
Z Y 


L L H 
H L H 
L H L 
H H L 


H H 
H L 

L H 
L L 


L L L 
H L L 
L H H 
H H H 


? H 
? L 
? H 
? L 



H = high level, L = 
X = irrelevant, Z = 
? = indeterminate 



low level, 

high impedance (off) 



The SN75LBC784 performs as four independent 
RS-423-B driver/receiver pairs designed to 
interface data terminal equipment (DTE) with data 
circuit-terminating equipment (DCE) at rates up to 
120 kbps and distances to 1.2 km. The 
SN75LBC784 provides an upgrade to the RS-232 
serial interface and can be backward compatible 
with existing serial ports while offering the higher 
performance required by new faster peripherals, 
such as v.34 (v.fast) modems. The RS-232 
standard, and subsequent revisions, only support 
data rates up to 20 kbps over about 1 5 meters of 
cable. For RS-423-B the data rate is increased to 
120 kbps and transmission distance to 1 .2 km by 
reducing the maximum output signal swing, 
increasing the driver output current, and reducing 
the receiver input voltage thresholds. 

The receivers consist of differential comparators with hysteresis and resistive attenuation on the inputs. The 
resistive attenuation improves the input common mode range and also provides additional protection from ESD 
and over-voltage stress. The differential and common mode input impedances are sufficiently high to meet 
RS-423-B. When a differential voltage input of 500 mV is applied across the entire common mode range ( see 
Figure 5), the receiver characteristics and bias voltage allow the receiver to remain in its intended binary state. 

The drivers meet all RS-423-B specifications with built-in current limits and thermal-overload protection. 
Slew-rate controlling circuitry is included in the design, which is adjusted to suit the application by means of an 
external resistor (R WS ). The slew rate controlling circuitry also has a default mode - if the R ws pin is shorted to 
5 V externally, the transistion time defaults to approximately 1 .5 ms. The BIAS input, when shorted to 5 V 
externally, provides the internal node voltages. The receiver is compatible to RS-232 with the use of external 
input resistors to meet the RS-232 input resistance specification of 3 kQ to 7 kQ. 

The SN75LBC784 is characterized for operation over the temperature range of 0°C to 70°C. 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Positive supply voltage, V^p (see Note 1 ) — 14V 

Negative supply voltage, Vss ■ ■ — » ■ ■ ■ — -14 V 

Bias voltage, Vbias •»>••- • - . 5.75 V 

Receiver input voltage range .... -30 V to 30 V 

Driver input voltage range -0.5 V to 5.75 V 

Driver output voltage range (supplies at 0 V) -30 V to 30 V 

Driver output voltage range (supplies at ±12 V) -25 V to 25 V 

Continuous power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta • • • — 0°C to 70°C 

Storage temperature range . . -65°C to 150°C 

Case temperature for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Ail voltages are with respect to network ground terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 

POWER RATING 


DERATING FACTORt 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


DW 


1348 mW 


10.8mW/°C 


862 mW 



t Derating factors are the inverse of the junction-to-ambient thermal resistance when 
board-mounted with no air flow. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vdd 


10.8 12 13.2 


V 


Supply voltage, Vss 


-10.8 -12 -13.2 


V 


Bias voltage, V D j as 


2 5 5.5 


V 


High-level input voltage, Vjh 


Driver 


2 


V 


Low-ievel input voltage, V|[_ 


Driver 


0.8 


V 


High-level output current, Iqh 


Receiver 


-4 


mA 


Low-level output current, Iql 


Receiver 


4 


mA 


Rws slew rate control resistor 


20 82 820 


kQ 


Operating free-air temperature, Ta 


0 70 


°C 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature, V DD = 10.8 V to 13.2 V, V S s = -10.8 V to -13.2 V, T A = 0°C to 70°C (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


1 IKIIT 
UIMI 1 


VOH 


High-level output voltage 


Open circuit or Rl = 450 Q 


4 


5.5 


6 


V 


vol 


Low-level output voltage 


Open circuit or R|_ = 450 Q 


-6 


-5.5 


-4 


V 


iih 


High-level input current 


V|= 2.4 V to 5.5 V 


100 


MA 


IlL 


Low-level input current 


V| = 0 V to 0.8 V 


-100 


ma 


"0 


Output leakage current 


Vdd = vss = o, 


v 0 = 


±6V 


-100 




100 


ma 


'OS(H) 


High-level short circuit output current 


V| = 5V, 


v 0 = 


0 


15 




45 


mA 


'OS(L) 


Low-level short circuit output current 


V| = 0, 


v 0 = 


0 


-45 




-15 


mA 


'dd 


Supply current 


No load 




10 


12 


mA 


R|_ = 450 Q 




60 


70 


'ss 


Supply current 


No load 




-10 


-12 


mA 


RL = 450 Q 




-60 


-70 


I bias Bias current 


400 


MA 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, V DD = 10.8 V to 13.2 V, V S s = -10.8 V to -13.2 V, T A = 0°C to 70°C (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tjLH Transition time, low-to-high level (see Figure 1) 


R|_ = 450 Q, Cl = 50 pF, 
V'WS = 5 V 


R^yg ss 0 kQ 


1.5 


[IS 


R ws =s 20 kQ 


1.5 2.1 2.7 


R ws = 82 kQ 


5 8 11 


R ws = 820 kQ 


80 


Rws ss 0 kQ 


1.5 


MS 


tjHL Transition time, high-to-low level (see Figure 1 ) 


R ws = 20 kQ 


1.5 2.1 2.7 


Rws 88 ^2 kQ 


5 8 11 


R ws = 820 kQ 


80 


SR Output slew rate 


Rws = 20 kQ 


15 


V/|JS 


t s |< Output skew (see Figure 4) ItpHL - tpLH' 


Ry^s = 82 kQ 


1 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature, V DD = 10.8 V to 13.2 V, V ss = -10.8 V to -13.2 V, T A = 0°C to 70°C (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V|T + 


Positive input threshold voltage 




200 


mV 


With 500 Q series resistor 


400 


VlT- 


Negative input threshold voltage 




-200 


mV 


With 500 & series resistor 


-400 


l| 


Input current 


V| = 10V 


Other input to GND 




1.3 


3.25 


mA 


V|=-10V 


-3.25 


-1.3 




v hys 


Hysteresis (V|j + - V|j_) 




20 


40 


150 


mV 


VOH 


High-level output voltage (see Note 2) 


SO = -20 jiA 


3.5 




5 


V 


Iq = ~4 mA 


2.4 




5 


VOL 


Low-level output voltage 


Iq ■ 20 jiA to 4 mA 


0.4 


V 


'RX 


RX short circuit current 




50 


mA 


V|D 


Differential input voltage 


Receiver inputs open circuit 


1.6 


2.1 


2.6 


V 


Vofs 


Fail safe output voltage 


See Note 3 


3.5 


V 



NOTES: 2. Device has an internal RX supply regulator. Maximum RX logic output voltage under no load is thus defined by an internal voltage 
value. This is nominally set to 4.5 V with a tolerance of ±5%. 
3. One input at ground, other input open circuit, \q = -20 jiA, or both open circuit. 



switching characteristics over recommended ranges of supply voltage and operating free-air 

temperature (unless otherwise noted) 

test conditions: V DD = 10.8 V to 13.2 V, V S s = -10.8 V to -13.2 V, T A = 0°C to 70°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN NOM MAX 


UNIT 


tpLH Propagation Delay time low-to-high (see Figure 2) 


Cl = 50 pF 


0.15 1 


MS 


tpHL Propagation delay time high-to-low (see Figure 2) 


tjHL Transition time high-to-low (see Figure 3) 


20 200 


ns 


tjLH Transition time low-to-high (see Figure 3) 
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PARAMETER MEASUREMENT INFORMATION 

5 V 
R ws £ Vqd 

Output 



►51 CI 




Input 

(see Note A and B) 



GND 



v OH at 90% 90%/ 

o««pu« vol __ 4 y; % io % ^ 
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Figure 1. Driver Transition Times 
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Figure 2. Receiver Propagation Delay Times 
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Figure 3. Receiver Transition Times 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 10 nS, tf < 10 nS, Z 0 = 50 £3, PRR > 5 kHz, duty 
cycle 50%, V max = 3 V, V m j n = 0 V. 

C. The input pulse is supplied by a generator having the following characteristics: t r < 1 0 nS, tf < 10 nS, Z 0 = 50 Q PRR > 5 kHz, duty 
cycle 50%, V max = 0.5 V, V min = -0.5 V. 
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PARAMETER MEASUREMENT INFORMATION 
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tpHL 



50% 



Figure 4. Skew Definition Times 
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Figure 5. Receiver Input Balance Test 
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Four Independent Drivers and Receivers 

Loopback Mode Functionally Self Tests 

Drivers and Receivers Without 

Disconnection From Line 

Driver Slew Rate Controlled by a Single 

Resistor 

Internal Thermal-Overload Protection 
RS-423-B Inputs and Outputs Designed to 
Withstand ±25 V 

ESD Protection Exceeds 2000 V Per 
MIL-STD-833C Method 3015 

LinBiCMOS™ Process Technology 



description 
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The SN75LBC786 is a monolithic quadruple 
RS-423-B driver and receiver with integrated- 
loopback function. The operation of the 
SN75LBC786 is closely based on that of the 
SN75186. In normal operation, the device 

performs as four independent RS-423-B driver/receiver pairs designed to interface data-terminal equipment 
(DTE) with data circuit-terminating equipment (DCE). In loopback mode, the signal from each driver output is 
fed back via special circuitry into its associated receiver input, removing the need to locally disconnect cables 
and install a loopback connector. The receiver output signal is the same as the driver input signal. 

The SN75LBC786 is characterized for operation over the temperature range of 0°C to 70°C. 



FUNCTION TABLE 



LOOPBACK 


INPUTS 


OUTPUTS 


LB 


A 


B 


c 


Z Y 


H 


L 


L 


H 


H H 


H 


H 


L 


H 


H L 


H 


L 


H 


L 


L H 


H 


H 


H 


L 


L L 


H 


L 


L 


L 


? H 


H 


H 


L 


L 


? L 


H 


L 


H 


H 


? H 


H 


H 


H 


H 


? L 


L 


L 


X 


X 


L L 


L 


H 


X 


X 


H L 



H = high level, L = low level, X ~ irrelevant, ? = indeterminate 
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Driver 
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LB 



Receiver 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Positive supply voltage, Vdd (see Note 1 ) 14V 

Negative supply voltage, V$s .... — -14 V 

Receiver input voltage range .-. .................. — -30 V to 30 V 

Driver input voltage range -0.5 V to 5.75 V 

Loopback input voltage range -0.5 V to 5.75 V 

Driver output voltage range (supplies at 0 V) -30 V to 30 V 

Driver output voltage range (supplies at ± 1 2 V) -25 V to 25 V 

Continuous power dissipation at (or below) T^= 70°C 800 mW 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Case temperature for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to network ground terminal. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqd 


10.8 12 13.2 


V 


Supply voltage, V$s 


-10.8 -12 -13.2 


V 


High-level input voltage, Vm 


Driver and loopback 


2 


V 


Low-level input voltage, V||_ 


Driver and loopback 


0.8 


V 


High-level output current, Iqh 


Receiver 


-4 


mA 


Low-level output current, Iql 


Receiver 


4 


mA 


Slew rate control resistor, Rws 


20 82 820 


kQ 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VOH 


High-level output voltage 




Open circuit or Rl = 


450 Q, 


4 


5.5 


6 


V 


vol 


Low-level output voltage 




Open circuit or Rl = 


450 ft 


-6 


-5.5 


-4 


V 


iih 


High-level input current 




V| = 2.4V-5.5V 


100 


liA 


"IL 


Low-level input current 




V| = 0 V - 0.8 V 


-100 


HA 


l|KG 


Output leakage current 




vdd = v S s = o v, 


Vo = ±6 V 


-100 




100 


jiA 


'OS(H) 


High-level short-circuit output current 




V| = high, 


v 0 = o V 


15 




45 


mA 


'OS(L) 


Low-level short-circuit output current 




V| = low, 


Vq = 0V 


-45 




-15 


mA 


'dd 


Supply current (loopback off) 




No load, 


LB at 2 V 




10 


12 


mA 




RI = 450Q, 


LBat2V 




60 


70 


'DD(LB 


Supply current with loopback on 




No load, 


LB at 0.8 V 




13 


16 


mA 


•ss 


Supply current (loopback off) 




No load, 


LB at 2 V 




-10 


-12 


mA 




Rl = 450 0, 


LBat2V 




-60 


-70 


'dd 


Supply current with loopback on 




No load, 


LB at 0.8V 




-13 


-16 


mA 


LOOPBACK MODE 




Output voltage (input either high or low) 




RU>450Q, 


V|_b = low 


-6 


-5.5 


-4 


V 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 










R\A/S = 0 kQ 


1.5 






Transition time, low-to-high level output 
(see Figure 1 ) 






R\A/S = 20 kQ 


1.5 


2.1 


2.7 


MS 


*TLH 






Rws = 82 un 


5 


8 


11 








RWS = 820 kfi 


80 








RU450O, Ct = 50pF, 


RWS = 0 ko 


1.5 






Transition time, high-to-low level output 
(see Figure 1) 


V W S = 5V 


RWS = 20 ki2 


1.5 


2.1 


2.7 


MS 


tTHL 






RWS = 82 kC2 


5 


8 


11 








RWS = 820 kQ 


80 




SR 


Output slew rate 






RWS = 20 k ^ 


15 


V/ms 


*sk 


Output skew, ItpHL - *PLH' ( see Fi 9 ure 4 ) 






RWS = 82 kQ 


1 


MS 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


y Receiver input threshold voltage 
,T (see Figure 5) 


V iT = (V| + -V|_) 


-200 200 


mV 


V IT = ( v l+ " v l-) witn 50CK2 series resistor 


-400 400 


1 1 Input current 


V| = 10V 


Other input to GND 


1.3 3.25 


mA 


Vj =-10 V 


-3.25 -1.3 


Vhys Hysteresis voltage 




20 40 150 


mV 


Voh High-level output voltage (see Note 2) 


IO = -20mA 


3.5 5 


V 


Iq = -4 mA 


2.4 5 


Vql Low-level output voltage 


lO = 20 yA to 4 mA 


0.4 


V 


lOS short circuit current 




50 


mA 


V|d Differential input voltage 


Receiver inputs open circuit 


1.6 2.1 2.6 


V 


V 0 f s Fail safe output voltage 


See Note 3 


3.5 


V 



NOTES: 2. Device has an internal RX supply regulator. Maximum RX logic output voltage under no load is thus defined by an internal voltage 
value. This is nominally set to 4.5 V with a tolerance of ±5%. 
3. One input at ground, other input open circuit, Iq = -20 \iA, or both open circuit. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN NOM 


MAX 


UNIT 


l PLH 


Propagation delay time, low-to-high (see Figure 2) 




0.15 


1 


MS 


tPHL 


Propagation delay time, high-to-low (see Figure 2) 


C L = 50 pF 


tTHL 


Transition time, high-to-low (see Figure 3) 


20 


200 


ns 


*TLH 


Transition time, low-to-high (see Figure 3) 
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PARAMETER MEASUREMENT INFORMATION 



input 

(see Notes A and B) 



Input 





GND 



Vqh " =)r 90% 90% if - 

0utput v OL „_l\^^ ™f\ 

tTHL-N i#— — * M~ 



M~ tTLH 



GND 



NOTES: A. Cl includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 1 0 nS, tf < 1 0 nS, Z 0 = 50 Q, PRR > 5 kHz, duty 
cycle - 50%, V max = 3 V, V min = 0 V. 



Figure 1. Driver Transition Times 



Vdd 



Input 




Input 
(see Notes A and 



B) ^50% ^50% 



Output 



GND 



N tRHL 

^50^50%^ 



GND 



NOTES: A. Cl includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 1 0 nS, tf < 1 0 nS, Z 0 » 50 Q, PRR > 5 kHz, duty 
cycle « 50%, V max - 0.5 V, V m j n = -0.5 V. 

Figure 2. Receiver Propagation Delay Times 



Input 




Input 
(see Notes A and 



GND 



VQH 
Output 

vol 



»ut — \ / 

7 



0.5 V 
-0,5 V 



90% 90% 
10% 10% 



tTLH 



*THL 



GND 



Figure 3. Receiver Transition Times 

NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 1 0 nS, tf < 1 0 nS, Z Q = 50 Q, PRR > 5 kHz, duty 
cycle = 50%, V max = 0.5 V, V min = -0.5 V. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-859 



SN75LBC786 

QUADRUPLE RS-423-B DRIVER/RECEIVER WITH LOOPBACK 



SLLS184 - NOVEMBER 1994 



PARAMETER MEASUREMENT INFORMATION 



input A 



Output Y 



~"^50% 



1*-*- tPLH 



tPHL 



-50% 



~50%N^ 



250 mV 



± 250 mV 



500 Q 



iVcm 
V cm = -7to 7 V 



500 Q \~~ 

I 



Figure 4. Skew Definition Times 



Figure 5. Input Balance Test 



PRINCIPLES OF OPERATION 

In normal operation, the SN75LBC786 functions as four independent drivers and receivers. The loopback mode is 
disabled by maintaining a high logic level on the LB input. The receivers consist of differential comparators with 
hysteresis and resistive attenuation on the inputs. The resistive attenuation improves the input common-mode range 
and also provides additional protection from ESD and over-voltage stress. The differential and common-mode input 
impedance are sufficiently high to meet RS-423-B. The balance of the receiver input voltage current characteristics 
and bias voltage is such that the receiver remains in the intended binary state when a differential voltage of 500 mV 
is applied to the inputs through 500 Q across the entire common-mode range (see Figure 5). 

The drivers meet all RS-423-B specifications. In normal operation, the drivers have built-in current limits and thermal 
overload protection. Slew-rate controlling circuitry is included into the design that is adjusted to suit the application 
by means of an external resistor. The slew-rate controlling circuitry also has a default mode. If R\a/s * s shorted to 5 
V externally, the transition time defaults to approximately 1 .5 lis. The receiver is compatible to the RS-232 with the 
use of external input resistors to meet the RS-232 input-resistance specification of 3 kQ to 7 kQ. 

Taking an individual LB input low activates the loopback mode in the corresponding driver/receiver pair. This causes 
the output from that driver to be fed back to the input of its receiver through dedicated internal-loopback circuitry. Data 
from the receiver output can then be compared, by a communication system, with the data transmitted to the driver 
to determine if the functional operation of the driver and receiver together is correct. 

in the loopback mode, external data at the input of the receiver is ignored and the driver does not transmit data onto 
the line. Extraneous data is prevented internally from being sent by the driver in the loopback mode by clamping its 
output to a level below the maximum interface voltage, -5V, orthe EIA-423-B marking state. Below this marking level, 
a reduced 1 .5-V output amplitude is used at the driver output. This signal is detected by an on-chip loopback 
comparator and fed to the input stage of the receiver to complete the loop. 

Line faults external to the SN75LBC786 are detected in addition to device failures. These line faults include short 
circuits to ground and to external supply voltages. The loopback mode should be entered only when the driver output 
is low, that is, the marking condition. It is recommended that loopback not be entered when the driver output is in a 
high state as this may cause a low-level, nondamaging oscillation at the driver output. 
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I • Nine Single-Ended SCSI Transceiver dl package 

I Channels With Active Termination (top view) 

I • Programmable Drivers Provide Active 
I Negation (Totem Pole) or Wired-OR (Open 
Drain) Outputs 

• 24-mA Current-Mode Active Termination 
With Common Nine-Channel Bus Enable 

• Low Output Capacitance Presented to SCSI 
Bus, 13.5 pFTyp 

• 3.3 V Compatible Logic Inputs Provide 
Bridge from 3 V Controllers to 5 V SCSI 
Bus 

• Designed to Operate at 10-Million Data 
Transfers Per Second (Fast-SCSI) 

• Controlled Driver Rise and Fall Times 

5 ns Min 

• High-Receiver Input-Voltage Hysteresis 

500 mV Typ 

• Receiver Input-Noise Pulse Filter 

5 ns Typ 

• Each Driver and Receiver Meets ANSI 
X3.131-1994 (SCSI-2) and the Proposed 
SCSI-3 Standards 

• Power-Up/Power-Down Glitch Protection 

• High Impedance Driver With Vqq at 0 V 

description 

The SN75LBC968 is a nine-channel transceiver 
with active termination that drives and receives 
the signals from the single-ended, parallel data 
buses such as the Small Computer-Systems 
Interface (SCSI) bus. The features of the line drivers, receivers, and active-termination circuits provide the 
optimum signal-to-noise ratios for reliable data transmission. Integration of the termination and transceivers in 
the LinBiCMOS™ process provides* the necessary analog-circuit performance, has low quiescent power, and 
reduces the capacitance presented to the bus over separate termination and I/O circuits. 

The transceivers of the SN75LBC968 can be enabled to function as totem-pole or open-drain outputs. The 
open-drain mode drives the wired-OR lines of SCSI (BSY, SEL, and RST) by inputting the data to the direction 
control input DE/RE instead of the A input. When driving the data through the A input, the outputs become totem 
poles and provide active signal negation for a higher voltage level on low-to-high signal transitions on heavily 
loaded buses. In either mode, the turn-on and turn-off output transition times are limited to minimize crosstalk 
through capacitive coupling to adjacent lines and RF emissions from the cable. The receivers are also designed 
for optimum analog performance by precisely controlling the input-voltage thresholds, providing wide 
input-voltage hysteresis and including an input-noise filter. These features significantly increase the likelihood 
of detecting only the desired data signal and rejecting noise. 
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description (continued) 

The communication between the SN75LBC968 and the controller can be accomplished at 3.3-V logic levels 
provided that the Vcci input connects to the same supply rail as the controller. This provides a bridge from the 
lower- voltage circuit and the 5-V SCSI bus. The SN75LBC968 also removes the need for special I/O buffers 
(and associated power dissipation) on the controller itself. The SN75LBC968 must be used with a SCSI 
controller with support for Differential SCSI. 

The integrated, current-mode, active termination supplies a constant 24 mA of current (TERMPWR) to the bus 
when the bus voltage falls below 2.5 V. This makes the next low-to-high (negation) signal transition independent 
of the low-level (asserted) bus voltage, unlike voltage-mode terminators. The termination current is provided 
through the TE input and from TERMPWR and can be disabled by letting the TE input float or by connecting 
it to ground. The termination circuitry is independent from the line drivers and receivers and Vqc or V<xi- 
Operational termination is present as long as TERMPWR is applied. 

The switching speeds of the SN75LBC968 are sufficient to transfer data over the data bus at ten million transfers 
per second (Fast-SCSI). The specification, t S k(Hmj» is for system skew budgeting and maintenance of bus set-up 
and hold times. The device is available in the space-efficient shrink-small-outline package (SSOP) with 25-mil 
lead pitch. The SN75LBC968 meets or exceeds the requirements of ANSI X3.1 31-1 994 (SCSI-2) and the 
proposed SPI (SCSI-3) standards, and is characterized for operation from 0°C to 70°C. 



logic diagram (positive logic) 
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Function Tables 

TRANSCEIVER FUNCTIONS 
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TERMINATION FUNCTION 
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schematics 



DRIVER 



ACTIVE TERMINATOR 



vcc 



2.85 V 




2.85 V 



VCC 



absolute maximum ratingst 

Supply voltage range, Vqc. Vcci » Vje (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (A-side) Vqci + 0-3 V 

Bus voltage range (B-side) -0.5 V to 7 V 

Data I/O and control (A-side) voltage range ./. -0.5 V to 7 V 

Continuous power dissipation (see Note 2) internally limited 

Operating free-air temperature range, TX 0°C to 70°C 

Storage temperature range, T stg 65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to GND. 

2. The maximum operating-junction temperature is internally limited. Use the dissipation rating table to operate below this temperature. 
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DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTORt 
ABOVE Ta = 25°C 


T A a 70°C 
POWER RATING 


DL 


2500 mW 


20 mW/°C 


1600mW 



t Derating factors are the inverse of the junction-to-ambient thermal resistance when 
board-mounted with no air flow. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Supply voltage, Vcci (see Note 3) 


3 5.25 


V 


Termination voltage, Vje 


4.25 5.25 


V 


High-level input voltage, V|h 


DE/RE, CE, A, B 


2 


V 


Low-level input voltage, 


DE/RE, CE, A, B 


0.8 


V 


High-level output current, Iqh 


A 


-8 


mA 


Low-level output current, Iql 


B 


48 


mA 


A 


8 


Operating free-air temperature,. Ta 


0 70 


°C 


NOTE 3: AH electrical characteristics are measured with Vqci = Vcc unless otherwise noted. 

driver eiectricai characteristics over recommended operating conditions (unless otherwise noted) 

(see Figure 1} 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level output voltage 


IOH = -20mA 


2 


V 


Vol Low-level output voltage 


Iql 88 48 mA 


0.5 


V 


l|H High-level input current 


V| H = 2V, V C C = V C C1 = 5.25 V 


-100 


HA 


l|L Low-level input current, A 


V| L = 0.5 V, Vcc = VQCI = 5.25 V 


-100 




Iqz High-impedance-state output current 


V 0 = 5.25 V, Vcc = Vcci = 5.25 V 


-100 




V O = 0V, V C C = VCC1 - 5.25 V 


-100 


termination electrical characteristics over recommended operating conditions (unless otherwise 
noted) (see Figure 2) 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vo(OC) Open-circuit output voltage 


Iq = 0 mA, Vcc = V CC1 =0 V 


2.5 2.85 3.24 


V 




vo = ov, v C c = V C C1 = ov 


-24 


mA 




V O = 0.5V, v C c = v C ci = ov 


-20 -24 


mA 


\q Output current 


V 0 = 3V, v C c = vcci = ov 


100 


IxA 




Vq = 4V, v C c = V C C1 = o V 


20 100 


mA 
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receiver electrical characteristics over recommended operating conditions (unless otherwise 
noted) (see Figure 3) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


v OH High-level output voltage 


Iqh = "8 mA 


2 2.5 


V 


Vol Low-level output voltage 


lOL = 8 mA 


0.8 


V 


V|j + Positive-going input threshold voltage 


vcc = V CC1 


1.2 1.6 2 


V 


V| j_ Negative-going input threshold voltage 


0.8 1.1 1.4 


V 


Vhys Input hysteresis voltage (V| j + - V|j-) 




0.2 0.5 


V 


1 1 h High-level input current 


V, H = 2V 


100 


ma 


1 1 l Low-level input current 


V|L = 0.5V 


100 


HA 


Iqz High-impedance-state output current 


Vo = 0 V 


-100 


MA 


Vq * 5.25 V 


-100 



device electrical characteristics over recommended operating conditions (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Supply current to Vcc 
' cc andVcci 


AH drivers, receivers, and terminator 
disabled 


Ail inputs at 0 V 


1.3 3 


mA 


All receivers enabled, termination and 
drivers disabled, No load 


CEatVcc, DE/RE at 0 V, 
TEatOV 


14 21 


All drivers enabled, termination and 
receivers disabled, No load 


DE/RE and CEatVcc. 
Aand TEatOV 


33 45 


DE/RE and CEatVcc. 
Vje = 0 V, A at Vcci 


15 21 


ICC Supply current to TE 


Termination and receivers enabled, 
No load 


TEatV TE , DE/RE at 0 V 


33 45 


C 0 Bus port capacitance (see Note 4) 




13.5 16.5 


PF 


l|H High-level input current 


DE/RE, CE 


V|h = V C C or2V 


100 


MA 


1 1 §_ Low-level input current 


DE/RE, CE 


V|L = 0.5V 


100 


ma 



t All typica! values are at Vcc = V CC1 = 5 v » T A = 25°C. 

NOTE 4: Tested in accordance with Annex G X3T9.2/855D, revision 1 4 
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driver switching characteristics over recommended operating conditions (unless otherwise 
noted) (see Figure 4) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpHL Propagation delay time, high- to low-level output 


CL=15pF 


10 35 


ns 




15 45 


ns 


* Skew limits, the maximum delay time - minimum delay 
tskChm) tjme 


\Jnc m Vrn = 5 V Ta = 25°C 
C[_=15pF 


14 


ns 


VCC = VCC1 =5V, T A = 70°C, 
Cl= 15 pF 


14 


ns 


tsk(p) Pulse skew, ltpHL-tp LH l 


VCC = VCC1 =5V, T A = 25°C 


8 


ns 


Output transition time, 1 0% to 90% or 90% to 1 0% of the 
* steady-state output 


15pF<C|_<100 pF 


5 20 


ns 


. Propagation delay time, low-level to high-impedance 
l PLZ output 


FromCE, Ci_ = 15pF 


5 150 


ns 


FromDE/RE, C|_=15pF 


45 


Propagation delay time, high-impedance to low-level 
tpZL output 


FromCE, CL = 15pF 


5 150 


ns 


FromDE/RE, CL = 15pF 


45 



t All typical values are at Mqq = Vqci = 5 V, T A = 25°C. 

$ The value for this parameter was derived from the difference between the slowest and the fastest driver delay times measured on devices from 
four sample wafer lots. 



receiver switching characteristics over recommended of operating conditions (unless otherwise 

noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpHL Propagation delay time, high- to low-level output 


See Figure 5 


5 20 


ns 


tpm Propagation delay time, low- to high-level output 


5 25 


ns 


f , „. v Skew limit*, the maximum delay time - minimum delay 
tskflim) tjme 


VCC = V C C1 =5V, T A = 25°C, 
See Figure 5 


8.5 


ns 


VCC = V C C1=5V, T A = 70°C, 
See Figure 5 


8.5 


ns 


*sk(p) Pulse skew, lt PH L - tPLH' 


VCC = V C C1 =5V, T A = 25°C, 
See Figure 5 


6 


ns 


. Propagation delay time, low-level to high-impedance 
PLZ output 


From CE, See Figure 6 


5 150 


ns 


From DE/RE, See Figure 6 


45 


. Propagation delay time, high-impedance to low-level 
PZL output 


From CE, See Figure 6 


5 150 


ns 


FromDE/RE, See Figure 6 


80 


. Propagation delay time, high-level to high-impedance 
PHZ output 


From CE, See Figure 7 


5 150 


ns 


From DE/RE, See Figure 7 


45 


. Propagation delay time, high-impedance to high-level 
PZH output 


FromCE, See Figure 7 


5 150 


ns 


From DE/RE, See Figure 7 


80 



t All typical values are at Vqc = V CC1 = 5 V, T A = 25°C. 

t The value for this parameter was derived from the difference between the slowest and the fastest driver delay times measured on devices from 
four sample wafer lots. 



thermal characteristics 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


ReJA Junction-to-free-air thermal resistance 


Board-mounted, no air flow 


50 


°c/w 


RejC Junction-to-case thermal resistance 




12 


°c/w 


Tj$ Junction-shutdown temperature 




180 





2-866 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75LBC968 
9-CHANNEL BUS TRANSCEIVER 
WITH ACTIVE TERMINATION 

SLLS1 79B - APRIL 1 994 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 
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Figure 1. Driver Test Circuit Currents and Voltages. 
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Figure 2. Active Termination Voltages, Currents, and Test Circuit. 
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Figure 3. Receiver Voltages, Currents, and Test Circuit 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, 
duty cycle = 50%, Zq = 50 Q. 

B. Ail resistances are in ohms and ±5%, unless otherwise indicated. 

C. All capacitances are in picofarads and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ±10 mV. 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 4. Driver Delay Time Test Circuit and Waveforms 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, 
duty cycle = 50%, Zq = 50 SI 

B. All resistances are in ohms and ±5%, unless otherwise indicated. 

C. All capacitances are in picofarads and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ±10 mV. 
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PARAMETER MEASUREMENT INFORMATION 




Figure 5. Receiver Propagation Delay Time Test Circuit and Waveforms 



NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, 
duty cycle = 50%, Zq = 50 CI 

B. All resistances are in ohms and ±5%, unless otherwise indicated. 

C. All capacitances are in picofarads and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ±10 mV. 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 6. Receiver Enable and Disable Times to and From Low-Level Output Test Circuit and Waveforms 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, 
duty cycle = 50%, Zq = 50 Q. 

B. All resistances are in ohms and ±5%, unless otherwise indicated. 

C. All capacitances are in picofarads and ±10%, unless otherwise indicated. 

D. All indicated voltages are ±10 mV. 
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PARAMETER MEASUREMENT INFORMATION 

GND 




; 560 Q 



r 

15 pF Output 

-tH- 



Input is Either 
CE orDE/RE 

DE/RE 




Figure 7. Receiver Enable and Disable Times to and From High-Level Output Test Circuit and Waveforms 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, 
duty cycle = 50%, Zo = 50 a 

B. All resistances are in ohms and ±5%, unless otherwise indicated. 

C. All capacitances are in picofarads and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ±10 mV. 
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TYPICAL CHARACTERISTICS 



DRIVER AND TERMINATION 
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TYPICAL CHARACTERISTICS 
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Improved Speed and Package Replacement 
for the SN75LBC976 
Designed to Operate at up to 20 Million 
Data Transfers per Second (Fast-20 SCSI) 

Nine Differential Channels for the Data and 
Control Paths of the Small Computer 
Systems Interface (SCSI) and Intelligent 
Peripheral Interface (IPI) 

Packaged in Shrink Small-Outline Package 
with 25-Mil Terminal Pitch and Thin Shrink 
Small-Outline Package with 20 Mil Terminal 
Pitch 

Two Skew Limits Available 

ESD Protection on Bus Terminals 

Exceeds 12 kV 

Low Disabled Supply Current 8 mA Typ 
Thermal Shutdown Protection 
Positive- and Negative-Current Limiting 
Power-Up/Down Glitch Protection 



description 



The SN75976A is an improved replacement for 
the industry's first 9-channel RS-485 
transceiver — the SN75LBC976. The A version 
offers improved switching performance, a smaller 
package, and higher ESD protection. The 
SN75976A is offered in two versions. The '976A2 
skew limits of 4 ns for the differential drivers and 
5 ns for the differential receivers complies with the 
recommended skew budget of the proposed 
Fast-20 SCSI standard for data transfer rates up 
to 20 million transfers per second. The '976A1 
supports the Fast SCSI skew budget for 1 0 million 



SN75976A DL or DGG 
(TOP VIEW) 
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Terminals 1 3 through 1 7 and 40 through 44 are 
connected together to the package lead frame 
and signal ground. 



AVAILABLE OPTIONS 



Skew Limit 
(ns) 


PACKAGEt 


Driver 


Receiver 


TSSOP 
(DGG) 


SSOP 
(DL) 


8 


9 


SN75976A1DGG 
SN75976A1 DGGR 


SN75976A1DL 
SN75976A1DLR 


4 


5 


SN75976A2DGG 
SN75976A2DGGR 


SN76976A2DL 
SN75976A2DLR 



t The R suffix indicates taped and reeled packages. 
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description (continued) 

transfers per second. The skew limit ensures that the propagation delay times, not only from channel-to-channel 
but from device-to-device, are closely matched for the tight skew budgets associated with high-speed parallel 
data buses. 

The patented thermal enhancements made to the 56-pin shrink small-outline package (SSOP) of the '976 have 
been applied to the new, thin shrink, small-outline package (TSSOP). The TSSOP package offers even less 
board area requirements than the SSOP while reducing the package height to 1 mm. This provides more board 
area and allows component mounting to both sides of the printed circuit boards for low-profile, space-restricted 
applications such as small form-factor hard disk drives. 

In addition to speed and package improvements, the '976A can withstand electrostatic discharges exceeding 
1 2 kV per the human-body model, and 600 V per the machine model of MIL-STD-883C, Method 301 5.7 on the 
RS-485 I/O terminals. This is six times the industry standard and provides protection from the noise that can 
be coupled into external cables. The other terminals of the device can withstand discharges exceeding 4 kV and 
400 V respectively. 

Each of the 9 channels of the '976A typically meet or exceed the requirements of EIA RS-485 (1983) and 
ISO 8482-1 987/TIA TR30.2 referenced by American National Standard of Information (ANSI) Systems 
X3.1 31 -1 993 (SCSI-2) standard. This device also meets or exceeds the requirements of the proposed SCSI-3 
Parallel Interface (SPI) ANSI X3T9.2/855D and X3T10/1071 D SCSI-3 Fast-20 SCSI Working Drafts, and the 
Intelligent Peripheral Interface Physical Layer-ANSI X3.1 29-1 986 standard. 

The SN75976A is characterized for operation over an ambient air temperature range of 0°C to 70°C 
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Terminal Functions 



TERMINAL 
NAME NO. 


Logic 
Level 


I/O 


Termination 


DESCRIPTION 


1Ato 9A 


4,6,8,10, 
19,21,23, 
25,27 


TTL 


I/O 


Pullup 


1 A to 9A carry data to and from the communication controller. 


1B-to9B- 


29,31,33, 
35,37,.46, 
48,50,52 


RS-485 


I/O 


Pulldown 


1B— to 9B— are the inverted data signals of the balanced pair to/from 
the bus. 


1B+ to9B+ 


30,32,34, 
36,38,47, 
49,51,53 


RS-485 


I/O 


Pullup 


1 B+ to 9B+ are the noninverted data signals of the balanced pair to/from 
the bus. 


BSR 


2 


TTL 


Input 


Pullup 


BSR is the bit significant response. It disables receivers 1 through 8 and 
enables wired-OR drivers when it and DE/RE and CDE1 or CDE2 are high. 
Channel 9 is placed in a high-impedance state with BSR high. 


CDEO 


54 


TTL 


Input 


Pulldown 


CDEO is the common driver enable 0. Its input signal enables all drivers 
when it and 1 DE/RE - 9DE/RE are high. 


CDE1 


55 


TTL 


Input 


Pulldown 


CDE1 is the common driver enable 1. Its input signal enables drivers 
1 to 4 when it is high and BSR is low. 


CDE2 


56 


TTL 


Input 


Pulldown 


CDE2 is the common driver enable 2. Its input signal enables drivers 
5 to 8 when high and BSR is low. 


CRE 


3 


TTL 


Input 


Pullup 


CRE is the common receiver enable. It disables receiver channels 5 to 9 
when high. 


1 DE/REto 
9DE/RE 


5,7,9,11, 
20,22,24, 
26,28 


TTL 


Input 


Pullup 


1 DE/RE-9DE/RE are direction controls that transmit data to the bus when 
it and CDEO are high. Data is received from the bus when it and CRE and 
BSR are low and CDE1 and CDE2 are low. 


GND 


1,13,14, 
15,16,17, 
40,41,42, 
43,44 


NA 


Power 


NA 


GND is the circuit ground. Allterminals except terminal 1 are physically tied 
to the die pad for improved thermal conductivity.t 


vcc 


12,18,39, 
45 


NA 


Power 


NA 


Supply voltage 



t Terminal 1 must be connected to signal ground for proper operation. 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f 



Supply voltage range, Vcc (see Note 1 ) -0.3 V to 6 V 

Bus voltage range /. -1 0 V to 1 5 V 

Data I/O and control (A side) voltage range -0.3 V to Vqc +0-5 V 

Electrostatic discharge: B side and GND, Class 3, A: (see Note 2) 12 kV 

B side and GND, Class 3, B: (see Note 2) • 400V 

All terminals, Class 3, A: 4 kV 

All terminals, Class 3, B: 400 V 

Continuous power dissipation (see Note 3) internally limited 

Operating free-air temperature range, • 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to the GND terminals. 

2. This absolute maximum rating is tested in accordance with MIL-STD-883C, Method 301 5.7. 

3. The maximum operating junction temperature is internally limited. Use the Dissipation Rating Table to operate below this 
temperature. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 


OPERATING FACTOR* 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


DGG 


2500 mW 


20 mW/°C 


1600mW 


DL 


2500 mW 


20 mW/°C 


1600 mW 



t This is the inverse of the junction-to-ambient thermal resistance when board-mounted and with no air flow. 



package thermal characteristics 





MIN NOM MAX 


UNIT 


Junction-to-ambient thermal resistance, Rqja 


DGG, board-mounted, no air flow 


50 


°c/w 


DL, board-mounted, no air flow 


50 


°c/w 


Junction-to-case thermal resistance, Rqjc 


DGG 


27 


°c/w 


DL 


12 


°c/w 


Thermal-shutdown junction temperature, Tj$ 




165 


°c 


recommended operating conditions 




MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, V|H 


Except nB+, nB- 


2 


V 


Low-level input voltage, V||_ 


Except nB+, nB- 


0.8 


V 


Voltage at any bus terminal (separately or common-mode), Vo, V|, or V|c 


nB+ or nB - 


12 


V 


-7 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-8 


mA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


mA 


Operating case temperature, Tq 


0 125 


°C 


Operating free-air temperature, Ta 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 






S1 to A, 
See Figure 1 


V T = 5 V, 


1 


1.8 




V 


V<DDH 


Driver differential high-level output voltage 


S1 to B, 
Tc>25°C 


Vt = 5 V, 
See Figure 1 


1 


1.4 




V 






S1 to B, 
See Figure 1 


V T = 5 V, 


0.8 


V 






S1 to A, 
T C >25°C 


V T = 5 V, 
See Figure 1 


-1 


-1.4 




v 


VODL 


Driver differential low-level output voltage 


S1 to B, 
See Figure 1 


V T = 5 V, 


-1 


-1.8 




V 






S1 to A, 
See Figure 1 


V T = 5 V, 


-0.8 


-1.4 




V 


VOH 


High-level output voltage 


A side, 

Iqh = -8 mA 


V| D = 200 mV, 
See Figure 3 


4 


4.5 




V 


B side, 
See Figure 1 


V T = 5V 


3 


V 


vol 


Low-level output voltage 


A side, 
lOH = 8 mA 


V|d = -200 mV, 
See Figure 3 




0.6 


0.8 


V 


A side, 
See Figure 1 


Vt = 5 V 


1 


V 


VlT. 

V IT+ 


Receiver positive-going differential input 
threshold voltage 


\r\i_l ft m A 


See Figure 3 


0.2 


V 


V|T- 


Receiver negative-going differential input 
inresnoicj voiiaye 


Iql = 8 mA, 


See Figure 3 


-0.2 


V 


vhys 


Receiver input hysteresis (V|t+- V|T-) 


V CC = 5) v > 


Ta _ o^°p 


24 


45 




mV 






vih = \* v, 
Other input at 0 V 


V CC = 0 V > 




0.4 


1 


mA 


I, 


Ri ic inm it e^i irront 
DUO II ipui UUI Id 11 


V|h = 12V, 
Other input at 0 V 


v C c = ov, 




0.5 


1 


mA 


'I 


V| H = -7V, 
Other input at 0 V 


VCC = 5V, 




-0.4 


-0.8 


mA 






V| H = -7V, 
Other input at 0 V 


v C c = ov, 




-0.3 


-0.8 


mA 


hH 


High-level input current 


A, BSR, DE/RE, and CRE, 


V| H = 2V 


-100 


MA 


CDEO, CDE1 , and CDE2, 


V, H = 2V 


100 


pA 


"IL 


Low-level input current 


A, BSR, DE/RE, and CRE, 


V| L = 0.8 V 


-100 


MA 


CDE1, CDE1, and CDE2, 


V| L = 0.8V 


100 


HA 


'OS 


Short circuit output current 


nB+ or nB- 


±260 


mA 


ioz 


High-impedance-state output current 


A 


See l|H and l||_ 




nB+ or nB- 


Seel| 








Disabled 


10 


mA 


'cc 


Supply current 


All drivers enabled, no load 


60 


mA 






All receivers enabled, no load 


45 


mA 


CO 


Output capacitance 


nB+ or nB- to GND 




18 


25 


PF 


Cpd 


Power dissipation capacitance (see Note 4) 


Receiver 


40 


pF 


Driver 


100 


PF 



t All typical values are at V<x = 5 V, T A = 25°C. 

NOTE 4: Cpd determines the no-load dynamic supply current consumption, Is = Cpp x Vqc x f + 'CC 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-88 1 



SN75976A 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 

SLLS218-MAY1995 ' 



driver switching characteristics over recommended operating conditions (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Propagation delay time, tpHL or tp|_H 
P 0 " (see Figures 1 and 2) 


•976A1 


V T = 4.5 V 


2.5 13.5 


ns 


VCC = 5V . Vj = 4.5V, 
Tq = 25°C 


3 11 


ns 


VCC = 5 V, Vj = 4.5 V, 

• c 


5 13 


ns 


'976A2 


Vj = 4.5 V 


4.5 11.5 




V^/-n _ c; \/ \/-r _ a c y 
T C = 25°C 


5 9 


ns 


Vcc = 5 V, V T = 4.5 V, 
T C = 100°C 


7 11 


ns 


. Skew limit, maximum Wi - maximum t Dc j 
tsk(lim) (S ee Note 5) 


'976A1 




8 


ns 


'976A2 




4 


ns 


*sk(p) Pulse skew, ItpHL - *PLH' 




4 


ns 


tf Fall time 


Si to B, See Figure 2 


4 


ns 


t r Rise time 


See Figure 2 


8 


ns 


t en Enable time, control inputs to active output 




50 


ns 


tdis Disable time, control inputs to high-impedance output 




100 


ns 


tpHZ Propagation delay time, high-level to high-impedance output 


See Figures 5 and 6 


17 100 


ns 


tPLZ Propagation delay time, low-level to high-impedance output 


25 100 


ns 


tPZH Propagation delay time, high-impedance to high-level output 


17 50 


ns 


tpZL Propagation delay time, high-impedance to low-level output 


17 50 


ns 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

NOTE 5: This parameter is applicable at one Vcc and operating temperature within the recommended operating conditions and to any two 



devices. 



receiver switching characteristics over recommended operating conditions (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Propagation delay time, tpHL or tpLH 
P 0 " (see Figures 3 and 4) 


'976A1 




7.5 16.5 


ns 


'976A2 




8.5 14.5 


ns 


VCC = 5V, T C = 25°C 


8.6 13.6 


ns 


Vcc = 5V , T C =100 o C 


9 14 


ns 


. Skew limit, maximum tnH - minimum Wi 
tsk(lim) (se e Note 5) 


'976A1 




9 


ns 


'976A2 




5 


ns 


*sk(p) Pu'se skew, lt PH L - tPLH> 




0.6 4 


ns 


tf Transition time (t r or tf) 


See Figure 4 


2 


ns 


t en Enable time, control inputs to active output 




50 


ns 


tQ-js Disable time, control inputs to high-impedance output 




60 


ns 


tpHZ Propagation delay time, high-level to high-impedance output 


See Figures 7 and 8 


60 


ns 


tPLZ Propagation delay time, low-level to high-impedance output 


50 


ns 


tPZH Propagation delay time, high-impedance to high-level output 


50 


ns 


tpzL Propagation delay time, high-impedance to low-level output 


50 


ns 



t All typical values are at Vcc = 5 V, Ta = 25°C. 



NOTE 5. This parameter is applicable at one Vcc and operating temperature within the recommended operating conditions and to any two 
devices. 
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PARAMETER MEASUREMENT INFORMATION 



(see Note 



,nput 4 A L^bI 
loteA) * K£- 

4r >0 




t CDEO and DE/RE are at 2 V, BSR is at 0.8 V, and all others are open. 
$ All nine drivers are enabled, similarly loaded, and switching. 



Input 



Figure 1. Driver Test Circuit, Currents, and Voltages* 

— 3 v 

— ov 



tPLH 



/ 



1.5 V 



1.5 V 



r«-*j- tpHL 

V 0 D(H) 



Output, Vqd 



90% 



90% 



■ VOD(L) 



S1 to A or B 



t r — ►! K— t f 
Figure 2. Driver Delay and Transition Time Test Waveforms 



Input B + 




Output 
C L = 15pF 



t CDEO, CDE1 , CDE2, BSR, CRE, and DE/RE at 0.8 V 
t All nine receivers are enabled and switching. 

Figure 3. Receiver Propagation Delay and Transition Time Test Circuit* 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, duty cycle = 50%, 
Zo = 50Q. 

B. All resistances are in Q and ± 5%, unless otherwise indicated. 

C. All capacitances are in pF and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ± 10 mV. 
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PARAMETER MEASUREMENT INFORMATION 

3V 



Input B- — — — — ^ 
Input B + 



1.5 V 



Output 



tPLH-VH 

1.4VJ^ 



X 



■ OV 



90% 



*PHL 
V 0H 



tr 



T*L4 V 



vol 



tf-H i<- 

Figure 4. Receiver Delay and Transition Time Waveforms 

4.5 V 




0Vor3V 



t Includes probe and jig capacitance in two places. 

Figure 5. Driver Enable and Disable Time Test Circuit 
Table 1 . Enabling For Driver Enable And Disable Time 



DRIVER 


BSR 


CDEO 


CDE1 


CDE2 


CRE 


1 -8 


H 


H 


L 


L 


X 


9 


L 


H 


H 


H 


H 



Input, DE/RE 




Output, Vqd 



Aat3V 
S1 toB 



AatOV 
S1toA 



Figure 6. Driver Enable Time Waveforms 

-NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, duty cycle = 50%, 
Zq = 50 Q. 

B. All resistances are in Q and ± 5%, unless otherwise indicated. 

C. All capacitances are in pF and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ± 1 0 mV. 
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0 V or 3 V 



Input 



3VorOV 



PARAMETER MEASUREMENT INFORMATION 

v T 

620 Q 
Output 

t 




t CDEO is high, CDE1 , CDE2, BSR, and CRE are low, and all others are open. 
$ Includes probe and jig capacitance. 



Input 



Figure 7. Receiver Enable and Disable Time Test Circuit 

3V 

ov 



Output 



VOD 



Output 



VOD 



|«-*h l PLZ j*" tpZL >| 



B+at 0V 
B-at 3V 
V T = V CC 



Indeterminate""^^ 



4 V 



l«- tpzH -H 



B+at3V 
B-atOV 
V T = 0V 



Indeterminate 



y 



Figure 8. Receiver Enable and Disable Time Waveforms 

NOTES: A. All input pulses are supplied by a generator having the following characteristics: t r < 6 ns, tf < 6 ns, PRR < 1 MHz, duty cycle = 50%, 
Zq = 50 Q. 

B. All resistances are in Q and ± 5%, unless otherwise indicated. 

C. All capacitances are in pF and ± 1 0%, unless otherwise indicated. 

D. All indicated voltages are ± 1 0 mV. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-885 



SN75976A 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 



SLLS218-MAY1995 



TYPICAL CHARACTERISTICS 



< 

E 

i 



o 
>» 
a 
a. 



< 

i 



250 



200 



150 



100 



50 



0 

0.001 



AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 



Dr 




0.01 0.1 1 

f - Frequency - MHz 

Figure 9 

BUS 

INPUT CURRENT 
vs 

INPUT VOLTAGE 



10 



100 



< 

I 



-30 
-25 



-20 



o -10 



LOGIC INPUT CURRENT 
vs 

INPUT VOLTAGE 



A, DE/R 


E,CRE,BS 



























































1 2 3 4 

V|- Input Voltage -V 

Figure 10 

DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



15 



2.5 



10 



-10 



-20 -15 -10 -5 0 5 10 
V| - Input Voltage - V 

Figure 11 



15 20 




0 10 20 30 40 50 60 70 80 90 100 
Iql - Low-Level Output Current - mA 

Figure 12 



2-686 



Texas 
Instruments 

POST OFFICE BOX 665303 • DALLAS, TEXAS 75265 



SN75976A 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 



SLLS218-MAY1995 



TYPICAL CHARACTERISTICS 



> 

i 

0 



o 



X 

I 

X 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 




-20 -40 -60 -80 
Iqh - High-Level Output Current - mA 

Figure 13 



> 

i 

© 

O) 

B 
I 



O 



Q 



5 

I 

>° 



DRIVER 

AVERAGE DIFFERENTIAL OUTPUT VOLTAGE 
vs 

AVERAGE CASE TEMPERATURE 



2.5 



1.5 



0.5 







(L)» VC 


C = 5.2 


3V^ 






















X 


\ 


^- v ( 


)D(L). > 


'CC = 4 

I 1 


.75 V 






- VOD 
OD(H)> 


(H). Vcc = 5 2 
i 

V C C = 4.75 V 


5V 




S1 to 


Positic 


>n B (se 


>e Figure 1) 

I 







20 40 60 80 100 120 
Tc - Average Case Temperature - °C 

Figure 14 



140 



s 

Ql 
I 

73 

a 



16 



14 



12 



10 



RECEIVER 
PROPAGATION DELAY TIME 
VS 

CASE TEMPERATURE 





















*PHL(max) 










tPHL 


— tp 
min) 


LH(ma 














¥LHi 


min) 




















(DaU 


i Extrac 


ted Frc 


m7Wg 


fer Lot 


s) 




l 

V C C = 5V 

I 













0 20 40 60 80 100 120 
Tc - Case Temperature - °C 

Figure 15 



140 



o 

I 

a 

2 

Q. 

I 



DRIVER 

PROPAGATION DELAY TIME 
vs 

CASE TEMPERATURE 



V C C = 5V, 

S1 to Position B (see Figure 1) 








t| 


*HL(ma 


%^ 






















' tPLh 


HmlnK 






■ tPLh 


(max) 




^ tp r 


IL(mln) 




















DaU 


i Extrac 


ted Frc 


m7Wa 


iter Lot 


s 





20 40 60 80 100 120 
Tc - Case Temperature - °C 

Figure 16 



140 



Texas 
Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-887 



SN75976A 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 



SLLS218-MAY1995 



TYPICAL CHARACTERISTICS 
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Table 2. Typical Signal and Terminal Assignments 



SIGNAL 


TCDR4IKI A 1 

TERMINAL 


p^CI R ATA 

SCSI DATA 


SCSI CONTROL 


IDI nATA 

IPI DATA 


Irl CONTROL 


CDEO 


54 


UlrrbbNbb 


UlrrbbNbb 


V CC 


V CC 


OUtl 


55 


f2MR 


oNU 


VMTA VMTD 

AM 1 A, AM 1 b 


uNU 


Out*: 


56 


oNU 


OMR 

oNU 


VMTA VMTD 
AM 1 A, AM 1 b 


Ol AWC/MAOTCQ 

oLAvb/MAo I bn 


QOD 

Don 


2 


^Mn 
oNU 


uNU 


PMn pen 
oNU, bon 


GND 


Uric 


3 


oNU 


GND 


GND 


V CC 


-\ A 
I A 


4 


UbU, Ubo 


ATM 
A 1 IN 


AR7 QR7 
AU/, DUf 


NUI UbbU 


i nc/DC 


5 


UbbU, Ubbo 


IMIT CM 

INI 1 bN 




GND 


OA 

ZA 


6 


rdh rqo 
Ubl , uby 


BSY 


ARC Drtfi 

ADD, bUb 


NUI UobU 


2DE/RE 


7 


Ubbl , Ubhy 


BSY EN 


GND 


GND 


OA 

oA 


8 


VoZ, UblU 


ACK 


arc Dnc 
AU5, DUO 


ON/MO IK 1 

oYNU IN 


3DE/RE 


9 


Ubb2, UbblU 


IMIT CM 

INI 1 bN 


GND 


GND 


4A 


10 


Ubo, Ubll 


RST 


ARvl DRX 

AU4, bU4 


Ol A\/C iki 

oLAVb IN 


4DE/RE 


■j-j 


UOCO t LfDL 1 1 


GND 


GND 


GND 


5A 


19 


DB4, DB12 


MSG 


AD3, BD3 


NOT USED 


5DE/RE 


20 


DBE4, DBE12 


TARG EN 


GND 


GND 


6A 


21 


DB5, DB13 


SEL 


AD2, BD2 


SYNC OUT 


6DE/RE 


22 


DBE5, DBE13 


SEL EN 


GND 


GND 


7A 


23 


DB6, DB14 


C/D 


AD1.BD1 


MASTER OUT 


7DE/RE 


24 


DBE6, DBE14 


TARG EN 


GND 


GND 


8A 


25 


DB7, DB15 


REQ 


ADO, BDO 


SELECT OUT 


8DE/RE 


26 


DBE7, DBE15 


TARG EN 


GND 


GND 


,9A 


27 


DBPO, DBP1 


I/O 


AP, BP 


ATTENTION IN 


9DE/RE 


28 


DBPEO, DBPE1 


TARG EN 


XMTA, XMTB 


vcc 



ABBREVIATIONS: 

DBn = data bit n, where n = (0,1 ,...,15) 

DBEn = data bit n enable, where n = (0,1 15) 

DBPO = parity bit for data bits 0 through 7 or IPI bus A 
DBPEO = parity bit enable for P0 
DBP1 == parity bit for data bits 8 through 1 5 or IPI bus B 
DBPE1 = parity bit enable for P1 

ADn or BDn = IPI Bus A- Bit n (ADn) or Bus B - Bit n (BDn), where n = (0,1 7) 

AP or BP = IPI parity bit for bus A or bus B 
XMTA or XMTB = transmit enable for IPI bus A or B 
BSR = bit significant response 
I NIT EN = common enable for SCSI initiator mode 
TARG EN = common enable for SCSI target mode 
NOTE A. Signal inputs are shown as active high. When only active-low inputs are available, logic inversion 
is accomplished by reversing the B+ and B- connector terminal assignments. 
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RECEIVER 



Function Tables 



DRIVER 



INPUTS 


OUTPUT 
A 


B+t B-t 


L H 
H L 


L 
H 



INPUT 
A 


OUTPUTS 


B+ B- 


L 
H 


L H 
H L 



TRANSCEIVER 



DRIVER WITH ENABLE 



A 

DE/RE 



B + 
B- 



A 

DE/RE 



-DC 



B + 

B~- 



INPUTS 


OUTPUTS 


DE/RE A B+t B-t 


A B+ B- 


L - L H 
L - H L 
H L - 
H H - 


L 

H - - 
L H 
H L 



INPUTS 


OUTPUTS 


DE/RE A 


B+ B- 


L L 
L H 
H L 
H H 


Z Z 
Z Z 
L H 
H L 



WIRED-OR DRIVER 



TWO-ENABLE INPUT DRIVER 




DE/RE 




INPUT 
A 


OUTPUTS 


B+ B- 


L 
H 


Z Z 
H L 



INPUTS 


OUTPUTS 


DE/RE A 


B+ B- 


L L 
L H 
H L 
H H 


Z Z 
H L 
L H 
H L 



H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

t An H in this column represents a voltage of 200 mV or higher than the other bus input. An L represents a voltage of 200 mV or lower than the 
other bus input. Any voltage less than 200 mV results in an indeterminate receiver output. 
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v cc 




SCSI 
Connector 





nB + 


\d — 




nB- 




— ( 


> 









(a) ACTIVE-HIGH BIDIRECTIONAL I/O 
WITH SEPARATE ENABLE 



vcc 



vcc 



560 Qt 



560 Qt 
nA 



SCSI 
Connector 



nDE/RE 



nB + 








D— 






0 







(c) WIRED-OR DRIVER AND ACTIVE-HIGH INPUT 



► 560 C2T 



SCSI 
Connector 



I/O 
EN 



I 1 " A . 








nDE/RE 


O 





nB+ 














o — - 





(b) ACTIVE-LOW BIDIRECTIONAL I/O 
WITH SEPARATE ENABLE 



VCC 




SCSI 
Connector 





nB+ 


\d — 








— ( 




o — 







L^ 1 



(d) SEPARATE ACTIVE-HIGH INPUT, OUTPUT, 
AND ENABLE 




(e) SEPARATE ACTIVE-LOW INPUT AND « WIRED-OR DRIVER AND ACTIVE-LOW INPUT 

OUTPUT AND ACTIVE-HIGH ENABLE 

t When 0 is open drain 

t Must be open-drai n or 3- state output 

NOTE A. The BSR, CRE, A, and DE/RE inputs have interna! pullups. CDEO, CDE1 , and CDE2 have internal pulidowns. 

Figure 18. Typical SCSI Transceiver Connections 
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channel logic configurations with control input logic 

The following logic diagrams show the positive-logic representation for a ll com binations of control inputs. The 
control inputs are from MSB to LSB; the BSR, CDEO, CDE1 , CDE2, and CRE bit values are shown below the 
diagrams. Channel 1 is at the top of the logic diagrams; channel 9 is at the bottom of the logic diagrams. 









^1 











^| 


hsj 






srl — 














-t>t 




Hi-Z 

-AAAr- 


-£>£= 








Hi-Z 










Hi-Z 

-AAAr- 


-OE= 


-ot 






Hi-Z 

-VW- 










Hi-Z 

-AAAr- 




Hi-Z 

-WW 




Figure 19. 00000 


Figure 20. 00001 


Figure 21. 00010 


Figure 22. 00011 


Figure 23. 00100 



2-692 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75976A 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 



SLLS218-MAY1995 



APPLICATION INFORMATION 



H>t= 


H>t= 


-t>c= 


H>E= 


-D>E= 




-w= 


-ot 


H>t= 








Hi-Z 

-vw- 




-t>c= 


Hi-Z 

-AAA/— 


-£>t= 


H>E= 


Hi-Z 

-Wv- 




-t>t= 


Hi-Z 

-AMr 


H>t= 




Hi-Z 

-AA/V- 




Hi-Z 

-AAA- 


Figure24. 00101 


Figure 25. 00110 


Figure 26. 00111 










Figure 27. 01000 





Figure 28. 01001 
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->C= 
H>t= 








-ot 
-w 

-Oi 
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-W= H>E= 





-0E= 

-or 

H>E= 
-0C= 





Figure 32. 01101 Figure 33. 01110 





Figure 29. 01010 Figure 30. 01011 Figure 31. 01100 
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H>C= 

Figure 34. 01111 



Hi-Z 

-AAA/- 



Hi-Z 

-Wr 

Hi-Z 
Hi-Z 

-AAAr- 

Hi-Z 

-vw- 

Hi-Z 
Hi-Z 

-VsAr- 

Hi-Z 

-vw- 

Hi-Z 

-WSr- 



Figure 35. 

10000 
and 10001 



Hi-Z 

-VW- 



Hi-Z 

-AAAr- 



Hi-Z 

-wv- 



Hi-Z 



-tXZ 



Hi-Z 



Figure36. 10010 
and 10011 



4>^ 



Hi-Z 

-WV- 

Hi-Z 

-Wr 

Hi-Z 
Hi-Z 

-AAAr- 

Hi-Z 

-VW- 

Figure 37. 10100 
and 10101 



-rWC 



Hi-Z 



Figure38. 10110 
and 10111 
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J* 1 



Hi-Z 

-AA/V- 



Figure39. 11000 
and 11001 
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jc 
cc 



JC Ic3 





dc 



Hi-Z 

-AAAr- 



Figure 40. 11010 
and 11011 




ir>J _h>J 





w= 



Hi-Z 

-AAAr- 



Figure41. 11100 
and 11101 




DC 



dc 







DC 



DC 



DC 



dc 



dc 




DC 



Hi-Z 

Figure 42. 11110 
and 11111 
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Nine Differential Channels for the Data and 
Control Paths of the Differential Small 
Computer Systems Interface (SCSI) and 
Intelligent Peripheral Interface (I PI- 2) 

Meets or Exceeds the Requirements of 
ANSI Standard RS-485 and 
ISO 8482:1987(E) 

Packaged in Shrink Small-Outline Package 
With 25-mil Terminal Pitch 
Designed to Operate at 10 Million Transfers 
Per Second 

Low Disabled Supply Current 
1.4 m A Typical 

Thermal-Shutdown Protection 
Power-Up/Power-Down Glitch Protection 
Positive and Negative Output-Current 
Limiting 

Open-Circuit Fail-Safe Receiver Design 



description 



The SN75LBC976 is a nine-channel differential 
transceiver based on the 75LBC176 LinASIC™ 
cell. Use of TPs LinBiCMOS™t process 
technology allows the power reduction necessary 
to integrate nine differential transceivers. On-chip 
enabling logic makes this device applicable for the 
data path (eight data bits plus parity) and the 
control path (nine bits) for both the Small 
Computer Systems Interface (SCSI) and the 
Intelligent Peripheral Interface (IPI-2) standard 
data interfaces. 



DL PACKAGE 
(TOP VIEW) 



GND [ 


— TT 

w 

1 


56 


]CDE2 


BSR[ 


2 


55 


]CDE1 


CRE[ 


3 


54 


] CDE0 


1A[ 


4 


53 


]9B+ 


1 DE/RE [ 


5 


52 


]9B- 


2A[ 


6 


51 


]8B+ 


2DE/RE [ 




50 


]8B- 


3A[ 


8 


49 


]7B + 


3DE/RE [ 


9 


48 


]7B- 


4A[ 


10 


47 


]6B + 


4DE/RE [ 


11 


46 


]6B- 


v C c[ 


12 


45 


]v cc 


GND [ 


13 


44 


] GND 


GND [ 


14 


43 


] GND 


GND [ 


15 


42 


] GND 


GND [ 


16 


41 


] GND 


GND [ 


17 


40 


] GND 


v C c[ 


18 


39 


]v C c 


5A[ 


19 


38 


]5B + 


5DE/RE [ 


20 


37 


]5B- 


6A[ 


21 


36 


]4B + 


6DE/RE [ 


22 


35 


]4B- 


7A[ 


23 


34 


]3B + 


7DE/RE [ 


24 


33 


]3B- 


8A[ 


25 


32 


]2B + 


8DE/RE [ 


26 


31 


]2B~ 


9A[ 


27 


30 


] 1B + 


9DE/RE [ 


28 


29 


]1B- 



Pins 1 3 through 1 7 and 40 through 44 
are connected together to the package 
lead frame and signal ground. 



The SN75LBC976 is packaged in a shrink 
small-outline package (DL) with improved thermal 
characteristics using heat-sink terminals. This 
package is ideal for low-profile, space-restricted 
applications such as hard disk drives. 

The switching speed and testing capabilities of the SN75LBC976 are sufficient to transfer data over the data 
bus at 10 million transfers per second. Each of the nine channels conforms to the requirements of the ANSI 
RS-485 and ISO 8482:1 987(E) standards referenced by ANSI X3.1 29-1 986 (IPI), ANSI X3.1 31 -1 993 (SCSI-2), 
and the proposed SCSI-3 standards. 

The SN75LBC976 is characterized for operation from 0°C to 70°C. 



t Patent pending 

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated. 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 



publication date. ■ Copyright © 1995, Texas Instruments Incorporated 

Texas ~ 
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logic diagram (positive logic)t 



CDEO 




8DE/RE 



9DE/RE 28 



t For additional logic diagrams, see Application Information, Table 1 and Figures 7 through 44. 
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schematics of inputs and outputs 



ALL INPUTS EXCEPT CDEO, CDE1, AND CDE2 



Input 




vcc 



INPUTS CDEO, CDE1, AND CDE2, DE/RE 



300 Q 

Input ^ WV ^ 



— v cc 



• 50 



B+ AND B- I/O PORTS 



VCC 



Driver 



100 kQ 
B+ Only 



i 18 kQ 




3kG 



Receiver 



1 kQ 



B+ or B- 



RECEIVER OUTPUT 



V CC 



A Output 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ( see Note 1 ) • ■ • -°- 3 V to 7 V 

Bus voltage range - 1 0 V to 1 5 V 

Data I/O and control (A-side) voltage range -0.3 V to 7 V 

Continuous power dissipation internally limited 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common-mode), Vo, V|, or Vic 


B+orB- 


12 


v 


-7 


High-level input voltage, Vm 


All except B+ and B- 


2 


V 


Low-level input voltage, V||_ 


All except B+and B- 


0.8 


V 


High-level output current, Ioh 


B+orB- 


-60 


mA 


A 


-8 


mA 


Low-level output current, Iql 


B+orB- 


60 


mA 


A 


8 


mA 


Operating free-air temperature, T"a 


0 70 


°C 



device electrical characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


l|H High-level input current 


BSR, A, DE/RE, andCRE 


See Figure 1 


V| H = 2V 


-200 


MA 


CDEO, CDE1,and CDE2 


100 


HA 


1 1 1_ Low-level input current 


BSR, A, DE/RE, andCRE 


V|L = 0.8V 


-200 


pA 


CDEO, CDE1, and CDE2 


100 


HA 


Iqc Supply current 


All drivers and receivers 
disabled 


BSR and CDEO at 5 V, 
Other inputs at 0 V 


1.4 3 


mA 


All receivers enabled 


No load, Vid = 5 V, 
All other inputs at 0 V 


29 45 


mA 


All drivers enabled 


BSRatOV, No load, 
All other inputs at 5 V 


4.8 10 


mA 


Co Bus port output capacitance 


B+orB- 


16 


PF 


Cpd Power dissipation capacitance* 


One driver 


460 


pF 


One receiver 


50 


pF 



t All typical values are at Vcc = 5 v » T A = 25°C. 

* Cpd determines the no-load dynamic current consumption; l§ = Cpd • Vcc • * + 'CC- 



driver electrical characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


I Vqd 1 Differential output voltage 


Vtest = -7 V to 1 2 V, See Figure 2 


1 2 


V 


'OS Output short-circuit current 


See Figure 3 


±250 


mA 


Iqz High-impedance-state output current 


See receiver input current 
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receiver electrical characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


V|d = 200 mV, Ioh = _ 8 mA, 
See Figure 1 


2.5 


V 


Vql Low-level output voltage 


V|q = —200 mV, Iql = 8 mA, 
See Figure 1 


0.8 


V 


V|j + Positive-going input threshold voltage 


lOH = — 8 rnA, See Figure 1 


0.2 


v 


V|t_ Negative-going input threshold voltage 


Iql = 8 m A, See Figure 1 


-0.2 


V 


Vhys Receiver input hysteresis voltage ( V| j + - V|t_) 




45 


mV 


1 1 Receiver input current 


B+ and B- 


V| = 12V, Vcc = 5V, 
Other input at 0 V, See Figure 1 


0.7 1 


mA 


V| = 12V, Vcc = 0, 
Other input at 0 V, See Figure 1 


0.8 1 


mA 


V|=-7V, Vcc = 5V, 
Other input at 0 V, See Figure 1 


-0.5 -0.8 


mA 


V|=-7V, V C C = 0, 
Other input at 0 V, See Figure 1 


-0.4 -0.8 


mA 


'OZ High-impedance-state output current 


See Figure 1 


Vo = GND 


-200 


MA 


v 0 = v C c 


50 



driver switching characteristics over recommended operating conditions (unless otherwise 
noted) (see Figure 4) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Differential delay time, high- to low-level output (td(ODH)) or 
™ 0D ) low- to high-level output (t<j(ODL)) 




7.6 19.6 


ns 


VCC = 5V, T A = 25°C 


9.1 17.1 


VCC = 5V, T A = 70°C 


11.5 19.5 


. Skew limit, the maximum difference in propagation delay times 
sk(hm) between any two drivers on any two devices 




J S 2 


ns 


Vcc = 5V, See Note 2 


8 


tsk(p) Pulseskew(ltd(ODL)-td(ODH)l) 




0 6 


ns 


tt Transition time (t r or tf) 




10 


ns 



t All typical values are at Vqc = 5 V, Ta = 25°C. 

NOTE 2: This specification applies to any 5°C band within the operating temperature range. 
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receiver switching characteristics over recommended operating conditions (see Figure 5) (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Propagation delay time, high- to low-level output (tp|_H) or 
P°" low- to high-level output (tpHL) 




21.5 33 


ns 


V C C = 5V, T A -25°C 


22.6 31.6 


V C C = 5V, T A = 70°C 


23.4 32.4 


. Skew limit, the maximum difference in propagation delay times 
sk(lim) between any two drivers on any two devices 




12 


ns 


Vcc = 5 V, See Note 2 


9 


tsk(p) Pulse skew ( I t PH L - tpLH" ) 




2 6 


ns 


tt Transition time (t r or tf) 




3 


ns 



t All typical values are at Vcc = 5 V, T A = 25°C. 



NOTE 2: This specification applies to any 5°C band within the operating temperature range. 



transceiver switching characteristics over recommended operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


ten(RXL) Enable time, transmit-to-receive to low-level output 


See Figure 6 


150 


ns 


Wi(RXH) Enable time, transmit-to-receive to high-level output 


150 


ns 


t en (TXL) Enable time, receive-to-transmit to low-level output 


80 


ns 


t en (jXH) Enable time, receive-to-transmit to high-level output 


80 


ns 


t su Setup time, CDEO, CDE1 , CDE2, BSR, or CRE to active input(s) or output(s) 


150 


ns 



thermal characteristics 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Rqja Junction-to-free-air thermal resistance 


Board mounted, No air flow 


50 


e c/w 


RqjC Junction-to-case thermal resistance 




12 


°c/w 



PARAMETER MEASUREMENT INFORMATION 



CDE O, CDE1,CDE2, 
CRE, and BSR atOV, 
Others Open, 
(see Note A) 




V|L 



I 

NOTE A: For the loz measurement, BSR is at 5 V and CDEO, CDE1 , and CDE2 are at 0 V. 

Figure 1. Receiver Test Circuit and Input Conditions 
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PARAMETER MEASUREMENT INFORMATION 



0Vor3V 




V|H 
or 

V|L 

1 



Vtest 
> R1 =165 a 



r 

RL = 75 G Vod 

L 



CDE0at5V, 
DE/RE at5V, 
BSR atOV, 
Others Open 



R2 = 165Q 



Vtest 



Figure 2. Driver Vqd Test Circuit 



B + 
D- B- 



Ivod} 



CDEO at 5 V, 
DE/RE at5V, 
BSR atOV 
Others Open 
(see Note A) 



vo, 

VOH. 
or 

vol 

1 



B- 




NOTE A: For the loz test, the BSR input is at 5 V and all others are at 0 V. 

Figure 3. Driver Test Circuit and Input Conditions 
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PARAMETER MEASUREMENT INFORMATION 



Input . 
(see Note A) 



CDEO at 5 V, 
DE/RE af5V, 
BSR atOV, 
Others Open 



GND 



R1 = 165 Q 



RL = 75 Q 



R2 = 165 ft 



5V 



TEST CIRCUIT 



50 pFt 



7 

Output 



B + 



B- 



50 pFt 



Input 



3V 

1.5 V 

OV 



td(ODH)H<- 



-*|- td(ODL) 

I 



Output 



bt|q% w/M _ _ 

10%^ | P Sl.10% 



0 V 



J L 



J L 



VOLTAGE WAVEFORMS 

t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 1 MHz, 50% duty cycle, 
t r and tf < 6 ns, and Zq = 50 £1 



Figure 4. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Input 
(see Note A) 

1.5 V 



CDE O, CDE1, CDE2, 
CRE, and BSR atOV, 
All Others Open 




TEST CIRCUIT 



Input 



Output 



/- 



tPLH -*| 



I 

W- tpHL +\ 



— 3V 

— 1.5 V 

— OV 



io%.A | | \_ io%" 



VOH 

— — 1.4 V 

vol 



tt-H tf- t t — H K— 

VOLTAGE WAVEFORMS 

t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 
1 MHz, 50% duty cycle, t r and tf < 6 ns, and Zq = 50 Q. 



Figure 5. Receiver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Input 
j Note A) 




TEST CIRCUIT 



VOD 



Input 1-5 V 



/ 



1.5 V 



3V 



OV 



"►(- *en(RXL) 



1.4 V 



N N— tengXH) 



OV 



S1 to 0 V 
S2to5V 
S3to3V 



Input 



VOD 



1.5 V 



3V 
•OV 



\ 



-frj- ten(RXH) 



>}- tenfTXL) 



1.4 V 



OV 



51 to5V 

52 to 0 V 
S3toOV 



VOLTAGE WAVEFORMS 

t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 1 MHz, 50% duty cycle, t r and tf < 6 ns, and Zo - 50 Q. 

Figure 6. Enable Time Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 

AVERAGE SUPPLY CURRENT INPUT CURRENT 
VS vs 

FREQUENCY INPUT VOLTAGE 




0.001 0.004 0.01 0.04 1 2 
f - Frequency - MHz 

Figure 7 



-60 



10 



0.5 1 1.5 2 2.5 3 3.5 
V| - Input Voltage - V 

Figure 8 



4.5 



INPUT CURRENT 
vs 

INPUT VOLTAGE 



< 
E 

I 



fc 

3 

o 



5 

4 

3 

2 

1 

0 
-1 
-2 
-3 
-4 
-5 

-20-16 -12 -8 -4 0 4 8 12 16 20 
V| - Input Voltage -V 



I I 

Rx anH R 




















































































































f 

















































































Figure 9 
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TYPICAL CHARACTERISTICS 



>° 



2.1 
2 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



I I 

V C C = 5 V 


















and 


B- 

















































































































































































0 10 20 30 40 50 60 70 80 90 100 
Iql - Low-Level Output Current - mA 

Figure 10 





5 




4.75 


> 




E 

l 


4.5 


0) 




>ltag 


4.25 




4 


*•* 

3 




a 




"S 


3.75 


O 






3.5 












3.25 


O) 




X 

I 


3 


X 




>° 


2.75 




2.5 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



I I 

B+ and B- 










































































: = 5.; 


25 V 








/ — 












r 


■■ v c < 






























































I I I 







-10 -20 -30 -40 -50 -60 -70 -80 -90 
'OH ~ High-Level Output Current - mA 

Figure 11 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



B 3 



T 


* = 2 


5°C 
















































- v c 

- — I 


C = £ 

I — I 


► V 

I — 
















vcc 


= 5.2 


5V 
















V 

I 


CC = 
. 


4.75 

I 


V 





0 10 20 30 40 50 60 70 80 90 100 
Iq - Output Current - m A 

Figure 12 
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TYPICAL CHARACTERISTICS 



o 
"3 

Q. 
3 

o 

> 



DRIVER 

LOW-LEVEL OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 



1 

B+ and B- 



























































































































2.5 3 3.5 4 4.5 
Vcc - Supply Voltage - V 



5.5 



< 
E 
l 



2 -20 

3 

o 

3 

S- 



30 



O) 

X 

I 

X 
O 



-50 
-60 
-70 
-80 



DRIVER 

HIGH-LEVEL OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 



I 

B+ and B- 

























































































































2.5 3 3.5 4 4.5 
Vcc - Supply Voltage - V 



5.5 



Figure 13 



Figure 14 



> 

i 

© 

a 



& 

3 

O 

s 

© 



x 

i 

X 

>° 



5.5 

5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



































\vc 


C = 5.2 


>V 














; = 5V 












^ vcc 






































CC = 4 - 












V 


75 v\ 



































0 -10 -20 -30 -40 -50 -60 
Iqh - High-Level Output Current - mA 



-70 



■o 
> 

d 

l 

o 



1.5 



o 1 



-j 0.5 



>° 



RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 





vcc = 


vcc = 

4.75 V - 


I 

5V 














v C c = 


5.25 V 



























10 20 30 40 50 
Iql - Low-Level Output Current - mA 



60 



Figure 15 



Figure 16 
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TYPICAL CHARACTERISTICS 



> 

i 



0.8 



3 0.6 

Br 

8 



0.4 



Q 

I 

Q 

9 



0.2 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 







B+ and B- 



























0 
160 



165 170 
Ta - Free-Air Temperature - °C 



175 



E 
> 

TO 



s. 

2 

Q. 

I 

X 
_J 
Q. 

o 

mJ 

X 

a. 



RECEIVER 
PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 















VCC = 4. 


75 V 


vcc 


= 5.25 V 





















































-25 0 25 50 75 

Ta - Free-Air Temperature - °C 



100 



Figure 17 



Figure 18 



i 

E 
i= 



Q 
c 
o 



2 

Q. 

I 

X 
_J 
Q. 



X 
Q. 



25 



20 



15 



10 



DRIVER 

PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 

















V CC = 4. 












v cc = 


5.25 V 













-25 0 25 50 75 

Ta - Free-AIr Temperature - °C 



100 



Figure 19 
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APPLICATION INFORMATION 



Table 1. Typical Signal and Terminal Assignments 



SIGNAL 


TERMINAL 


SCSI DATA 


SCSI CONTROL 


I PI DATA 


IPI CONTROL 


CDEO 


54 


DIFFSENSE 


DIFFSENSE 


V CC 


v<x 


CDE1 


55 


GND 


GND 


XMTA, XMTB 


GND 


CDE2 


56 


GND 


GND 


XMTA, XMTB 


SLAVE/MASTER 


BSR 


2 


GND 


GND 


GND, BSR 


GND 


CRE 


3 


GND 


GND 


GND 


vcc 


1A 


4 


DBO, DB8 


ATN 


AD7, BD7 


NOT USED 


1 DE/RE 


5 


DBEO, DBE8 


INIT EN 


GND 


GND 


2A 


6 


DB1, DB9 


BSY 


AD6, BD6 


NOT USED 


2DE/RE 


7 


DBE1, DBE9 


BSY EN 


GND 


GND 


3A 


8 


DB2, DB10 


ACK 


AD5, BD5 


SYNC IN 


3DE/RE 


9 


DBE2, DBE10 


INIT EN 


GND 


GND 


4A 


10 


DB3, DB11 N 


RST 


AD4, BD4 


SLAVE IN 


4Ut/nt 


4 4 
I 1 


UDtO, UDt 1 1 


oINU 


OklPi 

OINU 


oINU 


5A 


19 


DB4, DB12 


MSG 


AD3, BD3 


NOT USED 


5DE/RE 


20 


DBE4, DBE12 


TARG EN 


GND 


GND 


6A 


21 


DB5, DB13 


SEL 


AD2, BD2 


SYNC OUT 


6DE/RE 


22 


DBE5, DBE13 


SELEN 


GND 


GND 


7A 


23 


DB6, DB14 


C/D 


AD1.BD1 


MASTER OUT 


7DE/RE 


24 


DBE6, DBE14 


TARG EN 


GND 


GND 


8A 


25 


DB7, DB15 


REQ 


ADO, BDO 


SELECT OUT 


8 DE/RE 


26 


DBE7, DBE15 


TARG EN 


GND 


GND 


9A 


27 


DBPO, DBP1 


I/O 


AP,BP 


ATTENTION IN 


9 DE/RE 


28 


DBPEO, DBPE1 


TARG EN 


XMTA, XMTB 


vcc 



ABBREVIATIONS: 

DBn, data bit n, where n = (0,1 15) 

DBEn, data bit n enable, where n = (0,1 15) 

DBPO, parity bit for data bits 0 through 7 or IPI bus A 
DBPEO, parity bit enable for P0 
DBP1 , parity bit for data bits 8 through 1 5 or IPI bus B 
DBPE1 , parity bit enable for P1 

ADn or BDn, IPI Bus A - Bit n (ADn) or Bus B - Bit n (BDn), where n = (0,1 7) 

AP or BP, IPI parity bit for bus A or bus B 
XMTA or XMTB, transmit enable for IPI bus A or B 
BSR, bit significant response 
INIT EN, common enable for SCSI initiator mode 
TARG EN, common enable for SCSI target mode 
NOTE: Signal inputs are shown as active high. If only active-low inputs are available, logic inversion is 
accomplished by reversing the B+ and B- connecter terminal assignments. 
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APPLICATION INFORMATION 
Function Tables 



RECEIVER 



DRIVER 



INPUTS 


OUTPUT 
A 


B+t B-t 


L H 
H L 


L 
H 



INPUT 
A 


OUTPUTS 


B + B- 


L 
H 


L H 

H . L 



TRANSCEIVER 




INPUTS 


OUTPUTS 


DE/Rl A B+t B-t 


A B+ B- 


L L H 
L - H L 
H L - 
H H - - 


1 1 X _J 
1 1 —J x 
— I X 1 1 



DE/RE 



DRIVER WITH ENABLE 



FOB 1 



INPUTS 


OUTPUTS 


DE/RE A 


B+ B- 


L L 
L H 
H L 
H H 


Z Z 
Z Z 
L H 
H L 



WIRED-OR DRIVER 




TWO-ENABLE INPUT DRIVER 



DE/RE 




INPUT 
A 


OUTPUTS 


B+ B- 


L 
H 


Z Z 
H L 



INPUTS 


OUTPUTS 


DE/RE A 


B+ B- 


L L 
L H 
H L 
H H 


Z Z 
H L 
L H 
H L 



H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

t An H in this column represents a voltage 200 mV higher than the other bus input. An L represents a voltage 200 mV lower than the other bus 
input. Any voltage less than 200 mV results in an indeterminate receiver output. 
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APPLICATION INFORMATION 

vcc 

SCSI 
Connector 





nB + 


b — 




nB- 




— i 


> 









(a) ACTIVE-HIGH BIDIRECTIONAL I/O 
WITH SEPARATE ENABLE 



VCC 



I/O 
EN 



560 at 
nA 



SCSI 
Connector 



nDE/RE 





nB + 










— H 




o- — 





(b) ACTIVE-LOW BIDIRECTIONAL I/O 
WITH SEPARATE ENABLE 




SCSI 
Connector 





nB + 


b — 




i-aa= 




— < 




o — 







(d) SEPARATE ACTIVE-HIGH INPUT, OUTPUT, 
AND ENABLE 



VCC 




SCSI 
Connector 





nB + 


i>— 




nB- 








0 — 







(e) SEPARATE ACTIVE-LOW INPUT AND 
OUTPUT AND ACTIVE-HIGH ENABLE 



vcc 



V C C 



560 Qt 



560 Qt 
nA 



SCSI 
Connector 



nDE/RE 





nB + 


\d — 




nB- 




—i 




0 







(c) WIRED-OR DRIVER AND ACTIVE-HIGH INPUT 



VCC 



560 Qt 



SCSI 
Connector 



nA 



nDE/RE 



560 Q 





nB + 


io — 


— < 










0 







(f) WIRED-OR DRIVER AND ACTIVE-LOW INPUT 



t If 0, is open drain 

$ Must be open-dr ain or 3-state output 

NOTE: The BSR, CRE, A, and DE/RE inputs have internal pullups. CDE0, CDE1 , and CDE2 have internal pulldowns. 

Figure 20. Typical SCSI Transceiver Connections 
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APPLICATION INFORMATION 

channel logic configurations with control input logic 

The following logic diagrams show the positive-logic representation for al l combinations of control inputs. The 
control inputs are from MSB to LSB; BSR, CDEO, CDE1 , CDE2, and CRE, and are shown below the diagrams. 
Channel 1 is at the top and channel 9 is at the bottom of the logic diagrams. 



XI — 


X| 


^ 


X\ — 


— INI — 


S<\ jr 




^] 


XI 


— IN — 






Kb— 




— IN - 














Hi-Z 

— VW- 


H>C= 








Hi-Z 

-AAAr 


-t>t= 


-t>E= 






Hi-Z 

-VW- 


-t>c= 


-!>£=• 






Hi-Z 

-AAAr- 


H>E= 


-OE= 






Hi-Z 

-^Mr- 




Hi-Z 

-wv- 




Figure 21. 00000 


Figure 22. 00001 


Figure 23. 00010 


Figure 24. 00011 


Figure 25. 00100 
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APPLICATION INFORMATION 



H>E= 
H>E= 



Hi-Z 

-vw- 



Hi-Z 

— VW— 



Hi-Z 

-vw- 



Hi-Z 

-AAA— 



Hi-Z 

-AAA— 



H>E= 
-0C= 
H>S= 



->C= 

H>t= 
H>E= 
H>E= 



Hi-Z 

-AAAr- 



Figure 26. 00101 Figure 27. 00110 Figure 28. 00111 












Figure 29. 01000 






Figure 30. 01001 
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H>C 
-DC 
-DC 

3S 



APPLICATION INFORMATION 






-DC 
-DC 
-DC 



H>C 

-DC 
-DC 
-DC 





-DC 

-dc 

-DC 
-DC 

jc 

JC 

J* 1 
JC 

JC 



-DC 
-DC 
-DC 
-DC 
-DC 
-DC 
-DC 
-DC 




Figure 34. 01101 Figure 35. 01110 





Figure 31. 01010 Figure 32. 01011 Figure 33. 01100 
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APPLICATION INFORMATION 



H>C= 
H>E= 
-OE= 

Figure 36. 01111 



Hl-Z 

-AAAr- 

Hi-Z 

-A/W- 

Hi-Z 
Hl-Z 

-AAAr- 

Hi-Z 

-wv- 

Hi-Z 

Hi-Z 

-wv- 

Hi-Z 
Hi-Z 

-A/W- 



Hi-Z 

-vw- 



Hi-Z 

-AAAr- 



Hi-Z 



Hi-Z 



Figure 37. 

10000 
and 10001 



Hi-Z 

-AA/V- 



Figure 38. 10010 
and 10011 



Hi-Z 

-Vvv— 



Hi-Z 

— wv- 



Hi-Z 

-AAAr- 



Hi-Z 

-AAAr- 



Hi-Z 
-wv- 



Figure 39. 10100 
and 10101 



-rWC 



Hi-Z 

-V\Ar 



Figure40. 10110 
and 10111 
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Hi-Z 



Figure41. 11000 
and 11001 



APPLICATION INFORMATION 




J>E= 
— W= 




w= 





Hi-Z 



Figure 42. 11010 
and 11011 




Hi-Z 

'-VW- 

Figure43. 11100 
and 11101 









W= 




Hi-Z 



Figure 44. 11110 
and 11111 
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Nine Differential Channels for the Data and 
Control Paths of the Differential Small 
Computer Systems Interface (SCSI) 
Meets or Exceeds the Requirements of 
ANSI Standard RS-485 and ISO 
8482: 1987(E) 

Packaged in Shrink Small-Outline Package 
With 25-mil Terminal Pitch 

Designed to Operate at 10 Million Transfers 
Per Second 

Low Disabled Supply Current 
1.4 mA Typ 

Thermal Shutdown Protection 
Power-Up/Power-Down Glitch Protection 

Positive and Negative Output-Current 
Limiting 

Open-Circuit Fail-Safe Receiver Design 



description 



DL PACKAGE 
(TOP VIEW) 



1 


) 

56 


2 


55 


3 


54 


4 


53 


5 


52 


6 


51 




50 


8 


49 


9 


48 


10 


47 


11 


46 


12 


45 


13 


44 


14 


43 


15 


42 


16 


41 


17 


40 


18 


39 


19 


38 


20 


37 


21 


36 


22 


35 


23 


34 


24 


33 


25 


32 


26 


31 


27 


30 


28 


29 



The SN75LBC978 is a nine-channel differential 
transceiver based on the 75LBC176 LinASIC™ 
cell. Use of Tl's LinBiCMOS™t process technolo- 
gy allows the power reduction necessary to 
integrate nine differential balanced transceivers"!". 
On-chip enabling logic makes this device 
applicable for the data path (eight data bits plus 
parity) and the control path (nine bits) for the Small 
Computer Systems Interface (SCSI) standard. 
The WRAP function allows in-circuit testing and 
wired-OR channels for the BSY, RST, and SEL 
signals of the SCSI bus. 

The SN75LBC978 is packaged in a shrink 
small-outline package (DL) with improved thermal 
characteristics using heat-sink terminals. This 
package is ideal for low-profile, space-restricted 
applications such as hard disk drives. 

The switching speed of the SN75LBC978 is sufficient to transfer data over the data bus at 1 0 million transfers 
per second. Each of the nine identical channels conforms to the requirements of the ANSI RS-485 and 
ISO 8482:1987(E) standards referenced by ANSI X3.131-1993 (SCSI-2) and the proposed SCSI-3 standards. 

The SN75LBC978 is characterized for operation from 0°C to 70°C. 



Pins 1 3 through 1 7 and 40 through 44 are 
connected together to the package lead 
frame and signal ground. 



t Patent Pending 

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current as of publication, date. m . Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments wtm 

standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic diagram (positive logic) 

4 r 



1A- 
WRAP1 - 
1 DE/RE - 
CE 



4- 

54 I 



2A 
2DE/RE 

3A 
3DE/RE 

4A 
4DE/RE 

5A 
5DE/RE 

6A 
6DE/RE 



I 

_6_j— 
_7_l 

JLJT 

9 \ 
10 p 
Jl! 

20 j 

21 |— ' 



Channel 2 



Channel 3 



Channel 4 



Channel 5 



Channel 6 



23 

7A r- 



WRAP2 



2 I 



7DE/RE 



24 I 

(DC I 



8A 


25 


r 




i 




26 




8DE/RE 




9A 


27 


i- 


28 




9DE/RE 











Channel 8 



Channel 9 



D- 



30 



29 



1B+ 
1B- 



— I 32 



31 



~l 34 



33 
36 



35 



37 
47 



| 49 

~~T 



48 



2B+ 
2B- 

3B+ 
3B- 

4B+ 
4B- 

5B+ 
5B- 
6B+ 



7B+ 
7B- 



_51 
50 



_53 
52 



8B+ 
8B- 
9B+ 
9B- 
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schematics of inputs and outputs 



ALL INPUTS EXCEPT CE AND DE/RE 



22 k£2 



Input 



300 Q 



n 



-- v C c 



INPUT CE AND DE/RE 



Input 




V C C 



B+ AND B- I/O PORTS 



V CC 



Driver 



100 kQ J> 

B+ Only > 3 kQ 




Receiver 



B+ or B- 



RECEIVER OUTPUT 

f v cc 



- A Output 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ( see Note 1 J • -°- 3 V to 7 V 

Bus voltage range - 1 0 V to 1 5 V 

Data I/O and control (A-slde) voltage range -0.3 V to 7 V 

Continuous power dissipation internally limited 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are dc and with respect to GND. . 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, V<x 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common-mode), Vo, V|, or Vic 


B+ orB- 


12 
-7 


V 


High-level input voltage, Vm 


All except B + and B- 


2 


V 


Low-level input voltage, Vjl 


All except B+ and B- 


0.8 


V 


High-level output current, Ioh 


B+orB- 


-60 


mA 


A 


-8 


mA 


Low-level output current, Iql 


B+or B- 


60 


mA 


A 


8 


mA 


Operating free-air temperature, Ty\ 


0 70 


°C 


device electrical characteristics over recommended ranges of operating conditions 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


l|H High-level input current 


A, WRAP, DE/RE 


See Figure 1 


V IH = 2V 


-200 


MA 


CE 


100 


HA 


l|L Low-level input current 


A, WRAP, DE/RE 


V| L *0.8V * 


-200 


MA 


CE 


100 


ma 


ICC Supply current 


All drivers and receivers 
disabled 


CE at 0 V 


1.4 3 


mA 


All receivers enabled 


No load, V|d = 5 V, 

CE at 5 V, WRAP and DE/RE at 0 V 


29 45 


mA 


All drivers enabled 


No load, CE and DE/RE at 5 V, 
WRAP at OV 


7 10 


mA 


Co Bus port output capacitance 


B+orB- 


19 


PF 


Cpd Power dissipation capacitance 


One driver 


460 


pF 


One receiver 


40 


PF 



driver electrical characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


I Vqd 1 Differential output voltage 


Vtest - -7 V to 1 2 V, See Figure 2 


1 2 


V 


lOS Output short-circuit current 


See Figure 3 


±250 


mA 


Iqz High-impedance-state output current 


See receiver input current 
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receiver electrical characteristics over recommended ranges of operating conditions (unless 
otherwise noted) (see Figure 3) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level output voltage 


V|D = 200 mV, Iqh = ~ 8 mA 


2.5 


v 


VOL Low-level output voltage 


V|D - -200 mV, Iol = 8 mA 


0.8 


V 


V|j + Differential-input high-level threshold voltage 


Iqh = -8 mA 


0.2 


v 


V| t_ Differential-input low-level threshold voltage 


Iql = 8 mA 


-0.2 


V 


V n ys Receiver input hysteresis voltage ( V|t+ - V|T-) 




45 


mV 


l| Receiver input current 


B+ and B- 


V| = 12V, Vcc = 5V, 
Other input at 0 V 


0.7 1 


mA 


V| = 12V, Vcc = 0V, 
Other input at 0 V 


0.8 1 


mA 


V|=-7V, Vcc = 5V, 
Other input at 0 V 


-0.5 -0.8 


mA 


V| = -7 V, Vcc = 0 V, 
Qther input at 0 V 


-0.4 -0.8 


mA 


Iqz High-impedance-state output current 


Vq = GND 


-200 




Vo = V C C 


50 


ma 


driver switching characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. Differential delay time, high- to low-level output (td(ODH)) or 
td(OD) low- to high-level output (td(ODL)) 


See Figure 4 


11.8 26.4 


ns 


Vcc - 5 V, T A = 25°C, 
See Figure 4 


14 18 22 


V C C = 5V, T A = 70°C, 
See Figure 4 


18 22 26 


. Skew limit, the maximum difference in propagation delay 
sk(lim) times between any two drivers on any two devices 




1 5 


ns 


Vcc = 5 V, See Note 2 


8 


*sk(p) Pulse skew (Itd(ODL)-td(ODH)!) 


See Figure 4 


0 6 


ns 


tt Transition time (t r or tf) 


10 


ns 


receiver switching characteristics over recommended ranges of operating conditions (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Propagation delay time, high- to low-level output (tpHL) or 
tpd | 0W . to high-level output (tp|_H) 


See Figure 5 


1 9.5 30.7 


ns 


Vcc = 5V, T A = 25 e C, 
See Figure 5 


20.2 24.7 29.2 


V C C = 5V T A = 70°C, 
See Figure 5 


21.1 25.6 30.1 


. Skew limit, the maximum difference in propagation delay 
sk(lim) times between any two drivers on any two devices 




12 


ns 


VCC - 5 V, See Note 2 


9 


*sk(p) Pulse skew ( lt PH L - tPLH' ) 


See Figure 5 


2 6 


ns 


tt Transition time (t r or tf ) 


3 


ns 



t All typical values are at Vcc = 5 V, T A = 25°C. 

t Cpd determines the no-load dynamic current consumption; l$ = Cpd • Vcc • f + 'CC- 
NOTE 2: This specification applies to any 5°C band within the operating temperature range. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-923 



SN75LBC978 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 

SLLS134D- APRIL 1992 -REVISED MAY 1995 



transceiver switching characteristics over recommended ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


t en (jxL) Enable time, trans mit-to-receive to low-level output 


See Figure 6 


80 


ns 


t en (jxH) Enable time, transmit-to-receive to high-level output 


80 


ns 


t en (RXL) Enable time, receive-to-transmit to low-level output 


150 


ns 


ten(RXH) Enable time, receive-to-transmit to high-level output 


150 


ns 


t su Setup time, WRAP1 or WRAP2 before active input(s) or output(s) 


150 


ns 



thermal characteristics 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Roja Junction-to-free-air thermal resistance 


Board mounted, No air flow 


50 


°c/w 


ReJC Junction-to-case thermal resistance 




12 


°c/w 



PARAMETER MEASUREMENT INFORMATION 



0Vor3V 




CEand 
DE/RE at2V, 
WRAP1 and 
WRAP2 at 0.8 V 



v test 
S R1 =165 £2 



r 

R|_ = 75 Q V OD 



< R2 = 165£i 
v test 



B+ 



Figure 1. Driver Vqd Test Circuit 



CEat2V, 
DE/RE and WRAP1 
orWRAP2 at 0.8 V 
(see Note A) 




'OH» -'Ob 



NOTE A: For the IrjZ measurement, CE is at 0.8 V. 

Figure 2. Receiver Test Circuit and Input Conditions 
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PARAMETER MEASUREMENT INFORMATION 




CE and 
DE/RE at 2 V, 
WRAP1 and 
WRAP2at 0.8 V 
(see Note A) 



vo, 

VOH. 
or 

r 



v , -bH. -'OL. ->OS. 

-loz 



NOTE A: For the loz test, the CE input is at 0.8 V. 

Figure 3. Driver Test and Input Conditions 

GND 
| R1 = 165 Q 



Input . 
(see Note A) 



R|_ = 75 Q 



CE and 
DE/RE atVcc 



R2 = 165fl 



5V 



50 pFt 



Output 



: 50 pFt 



B+ 



TEST CIRCUIT 



Input 



I 
I 

td(ODH) — W- 



— 3V 

— 1.5V 

— 0V 



-*f- td(ODL) 



Output 



J/90% 90°/M^ 

10%/" I | A-io%" 



ov 



VOLTAGE WAVEFORMS 

t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 1 MHz, 50% duty cycle, t r and tf < 6 ns, and Zq = 50 Q. 
Figure 4. Driver Propagation Delay Time Test Circuit and Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



Input 
(see Note A) 

1.5 V 



jCE at VCC, 
DE/RE, WRAP1 and 
WRAP2 at GND 




Output 



Input 



Output 



TEST CIRCUIT 



W" tPLH -*| 



I 
I 

W- tpHL -*| 



3V 

-■ 1.5V 

ov 



/h_90% ^tN_ _ 
! ! r 



V 0H 

14V 

io% ,; 
vql 



tr-M K- 



VOLTAGE WAVEFORMS 



t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 1 MHz, 50% duty cycle, t r and tf < 6 ns, and Zo » 50 a 

Figure 5. Receiver Propagation Delay Time Test Circuit and Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



OV 3V 

A 



S3 



74HC241 



Input _ 
(see Note A) 



OE/RE 




CEatVcc. 
WRAP1 and WRAP2 
at GND 



va 



TEST CIRCUIT 



Input 



VOD 



I 

W- 

/ 



3V 
OV 



-frf— ten(RXL) 

J 



■ 1.4 V 



*en(TXH) 



OV 



S1 to 0 V 
S2to5V 
S3to3V 



Input 



V A 



VOD 



I 

ten(RXH) H4- 



3V 
• OV 



1.4 V 



>p tenfTXL) 



51 to 5 V 

52 to 0 V 
S3toOV 



OV 



VOLTAGE WAVEFORMS 

t Includes probe and jig capacitance. 

NOTE A: The input is provided by a pulse generator with an output of 0 to 3 V, PRR of 1 MHz, 50% duty cycle, t r and tf < 6 ns, and Zq = 50 Q. 
Figure 6. Enable Time Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 



AVERAGE SUPPLY CURRENT 
vs 

FREQUENCY 



1000 



< 

E 



□ 



CD 



< 

I 

o 
o 




1 

0.001 



0.004 0.01 0.04 1 2 
f - Frequency - MHz 

Figure 7 
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I 



-10 



-20 



-30 



-40 



-50 



-60 



INPUT CURRENT 
vs 

INPUT VOLTAGE 



I I I I I 

V C C = 4.75 V 
T A = 25°C 








— t* 


f UCfl 


IE, vv 























































































0.5 1 1.5 2 2.5 3 3.5 4 
V| - Input Voltage - V 

Figure 8 



4.5 



INPUT CURRENT 
vs 

INPUT VOLTAGE 



-3 



— f — 1 1 

V C C = 4.75 \ 
- T A = 25°C 
B+ and B- 


r 
/ 


































































y 
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V|- Input Voltage -V 

Figure 9 
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TYPICAL CHARACTERISTICS 



& 

3 

o 



>° 



DRIVER 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



2.1 
2 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 



I I 

V C C = 5V 
















B- 


h and 


B- 

















































































































































































0 10 20 30 40 50 60 70 80 90 100 
lOL " Low-Level Output Current - mA 

Figure 10 
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§> 
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I 
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3 


>° 
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2.5 



DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



™! i 

B+ and B- 










































































;c = 5 


.25 V 






: = 5 


/ — 














: v c < 






























































V CC = t *-'° v 

I I 









0 10 20 30 40 50 60 70 80 90 
'OH ~ High-Level Output Current - mA 

Figure 11 
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i 



a- 

O 



I 

5 

i 

i 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



T 


r — 1 

A = 2 


r — 

5°C 














































/ 


-v c 

I — I 


C = 5 


V 
















vcc 


h— H 

= 5.2 


I ■ 

5 V 
















V 


CC = 


4.75 


V 



0 10 20 30 40 50 60 70 80 90 100 
lO - Output Current - mA 

Figure 12 
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TYPICAL CHARACTERISTICS 
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LOW-LEVEL OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 13 



Figure 14 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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RECEIVER 
LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 





vcc = 


vcc = 

4.75 V 


I 

5 V — \ 














v C c = 


5.25 V 
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Iqh - High-Level Output Current - mA 



10 20 30 40 50 60 
Iql - Low-Level Output Current - mA 



Figure 15 



Figure 16 
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TYPICAL CHARACTERISTICS 
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vs 
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Ta - Free-Air Temperature - °C 

Figure 17 
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PROPAGATION DELAY 
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APPLICATION INFORMATION 



Function Tables for Possible Channel Configurations 
Table 1 Table 2 



CE Is high, 
WRAP1 orWRAP2 is low 




INPUTS 


OUTPUTS 


DE/RE A B+t B-t 


A B+ B- 


L X L H 
L X H L 
H L X X 
H H X X 


L Z Z 
H Z Z 
Z L H 
Z H L 



CE is high, 
WRAP1 orWRAP2is high 



OE/RE 



Emitter Follower 



4?p 



B- 



Open Collector 



INPUTS 


OUTPUTS 


DE/RE B + B- 


A B+ B- 


L L H 
L H L 
H X X 
H X X 


L Z Z 
H Z Z 
H H L 
H H L 



H = high level L = low level X = irrelevant Z = high impedance 

t An H in this column represents a voltage 200 mV higher than the other bus input. An L represents a voltage 200 mV lower than 
the other bus input. Any voltage less than 200 mV results in an indeterminate receiver output. 
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Meets or Exceeds the Requirements of 

ANSI EIA/TIA-232-E and ITU 

Recommendation V.28 

Very Low Power Consumption 

5mWTyp 

Wide Driver Supply Voltage . . . ±4.5 V 
to±15V 

Driver Output Slew Rate Limited to 
30V/|is Max 

Receiver Input Hysteresis ... 1000 mV Typ 

Push-Pull Receiver Outputs 

On-Chip Receiver 1-jis Noise Filter 

Functionally interchangeable With Motorola 
MC145404 



description 



The SN65C1154 and SN75C1154 are low-power 
BiMOS devices containing four independent 
drivers and receivers that are used to interface 
data terminal equipment (DTE) with data circuit- 
terminating equipment (DCE). This device has 
been designed to conform to ANSI EIA/ 
TIA-232-E. The drivers and receivers of the 
SN65G1 1 54 and SN75C1 1 54 are similar to those 
of the SN75C188 quadruple driver and 
SN75C189A quadruple receiver, respectively. 
The drivers have a controlled output slew rate that 
is limited to a maximum of 30 V/ps and the 
receivers have filters that reject input noise pulses 
of shorter than 1 lis. Both these features eliminate 
the need for external components. 



DW OR N PACKAGE 
(TOP VIEW) 

20 ]V CC 
19 ]1RY 
18 ] "IDA 
17 ]2RY 
16 ]2DA 
15 ]3RY 
14 ]3DA 
13 ]4RY 
12 ]4DA 
11 ]GND 




logic symbolt 



1RA 
2RA 
3RA 
4RA 
1DY 
2DY 
3DY 
4DY 



4 


6 


8 


3 




5 


^ 


7 




9 


,„ / 



19 



17 



15 



13 



18 



16 



14 



12 



1RY 
2RY 
3RY 
4RY 
1DA 
2DA 
3DA 
4DA 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



logic diagram (positive logic) 

typical of each receiver 
2,4, 6,8 



RA- 



typical of each driver 

3, 5, 7, 9 
DY 



19,17,15,13 



RY 



18,16,14,12 



DA 



The SN65C1154 and SN76C1 1.54 have been 
designed using low-power techniques in a BiMOS 
technology. In most applications, the receivers 
contained in these devices interface to single 
inputs of peripheral devices such as ACEs, 
UARTs, or microprocessors. By using sampling, 
such peripheral devices are usually insensitive to 
the transition times of the input signals. If this is 
SN65C1 1 54 and SN75C1 1 54 receiver outputs be 
HCMOS, ALS, or 74F logic families. 

The SN65C1154 is characterized for operation from -40°C to 85°C. The SN75C1154 is characterized for 
operation from 0°G to 70°C. 



not the case or for other uses, it is recommended that the 
\ buffered by single Schmitt input gates or single gates of the 
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schematics of inputs and outputs 



EQUIVALENT DRIVER INPUT 



Input 
DA 



5 



V D D 



j — Internal 

1 .4-V Reference 



GND 



v S s 



EQUIVALENT DRIVER OUTPUT 



V D D 



]160i 



74 Q 



Output 
DY 



72 Q 



V S S 



Input 
RA 



EQUIVALENT RECEIVER INPUT 

3.4 kQ 

i w\ — 



ESD 
Protection 



GND - 



EQUIVALENT RECEIVER OUTPUT 
V CC 



► 1.5kO 



ESD 
Protection 



530 Q, 



7 



Output 
RY 



GND 



Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqd (see Note 1 ) 15V 

Supply voltage, Vss -15V 

Supply voltage, Vcc • 7 V 

Input voltage range, V|: Driver Vss t0 V DD 

Receiver -30 V to 30 V 

Output voltage range, Vq: Driver (Vss ~ 6 v ) t0 ( V DD + 6 v ) 

Receiver -0.3 V to (V C c + 0-3 V) 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta:SN65C1 154 -40°Cto85°C 

SN75C1154 0°Cto70°C 

Storage temperature range, T s t g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network GND terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


585 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 


598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqd 


4.5 12 15 


V 


Supply voltage, Vss 


-4.5 -12 -15 


V 


Supply voltage, Vqc 


4.5 5 6 


V 


Input voltage, V| 


Driver 


VSS+ 2 VpQ 


V 


Receiver 


±25 


High-level input voltage, Vm 


Driver 


2 


V 


Low-level input voltage, V||_ 


0.8 


High-level output current, Ioh 


Receiver 


-1 


mA 


High-level output current, IrjL 


3.2 


mA 


Operating free-air temperature, T A 


SN65C1154 


-40 85 


°C 


SN75C1154 


0 70 
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DRIVER SECTION 



electrical characteristics over operating free-air temperature range, Vdd = 12 V, Vss = ~ 12 V, 
Vqc = 5 V ±10% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


V|L = 0.8V, R|_ = 3 kQ, 
See Figure 1 


V DD = 5 V, V S S = -5V 


4 4.5 


V 


V DD = 12V, V S S = -12 V 


10 10.8 


v Low-level output voltage 
0L (see Note 2) 


V|H = 2V, Rl = 3 k£2, 
See Figure 1 


V D D = 5V, V S S = -5V 


-4.4 -4 


V 


vdd = i2V, vss = -12 V 


-10.7 -10 


1 1 H H ig h-level i nput current 


V| = 5 V, See Figure 2 


1 




l|L Low-level input current 


V| = 0, See Figure 2 


-1 


HA 


. High-level short circuit 
0S ( H ) output current* 


V| = 0.8 V, Vo = 0 or Vss, See Figure 1 


-7.5 -12 -19.5 


mA 


. Low-level short circuit 
0S ( L ) output current* 


V| = 2 V, Vo = 0orVDD» See Figure 1 


7.5 12 19.5 


mA 


I DD Supply current from Vqd 


No load, All inputs at 2 V or 0.8 V 


V D D = 5V, V S S = -5V 


115 250 


HA 


V DD = 12V, V S S = ~12V 


115 250 


l$S Supply current from V$s 


No load, All inputs at 2 V or 0.8 V 


V D D = 5V, V S S = ~5V 


-115 -250 


pA 


V DD = 12V, V S S = -12 V 


-115 -250 


r 0 Output resistance 


VDD = VSS - V CC = 0. Vo = -2 V to 2 V, See Note 3 


300 400 





t All typical values are at T/\ = 25°C. 

* Not more than one output should be shorted at one time. 

NOTES: 2. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 



levels only. 

3. Test conditions are those specified by EIA/TIA-232-E. 



switching characteristics, V DD = 12 V, V S s = -12 V, V cc = 5 V ±10%, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tp|_H Propagation delay time, low- to high-level output§ 


R|_ = 3 to 7 kCl, C[_ = 15 pF, See Figure 3 


1.2 3 


US 


tpHL Propagation delay time, high- to low-level output§ 


2.5 3.5 


us 


tj|_H Transition time, low- to high-level output^ 


0.53 2 3.2 


\xs 


tjHL Transition time, high- to low-level output^ 


0.53 2 3.2 


US 


tj|_H Transition time, low- to high-level output^ 


R[_ = 3 to 7 kQ, Cl = 2500 pF, See Figure 3 


1 2 


MS 


tjHL Transition time, high- to low-level output^ 


RL = 3 to 7 kQ, Cl = 2500 pF, See Figure 3 


1 2 


MS 


SR Output slew rate 


R|_ = 3 to 7 kQ, Cl = 1 5 pF, See Figure 3 


4 10 30 


V/ms 



§ tpHL and tp|_H include the additional time due to on-chip slew rate control and are measured at the 50% points. 
^ Measured between 1 0% and 90% points of output waveform. 

# Measured between 3 V and -3 V points of output waveform (EIA/TIA-232-E conditions) with all unused inputs tied either high or low. 
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RECEIVER SECTION 

electrical characteristics over operating free-air temperature range, V DD = 12 V, V$s = -12 V, 
Vqc = 5 V ± 10% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|T+ 


Positive-going input 
threshold voltage 


See Figure 5 


1.7 


2.1 


2.55 


V 


V IT- 


Negative-going input 
threshold voltage 


See Figure 5 


0.65 


1 


1.25 


V 


Vhys 


Input hysteresis voltage (V|t+ 
-V|T-) 




600 


1000 




mV 






V| = 0.75 V, 


l O H = -20 nA, 


See Figure 5 and Note 4 


3.5 




VOH 


High-level output voltage 


V| = 0.75 V, 
See Figure 5 


IQH = " 1 niA 5 


V C C = 4.5V 


2.8 


4.4 




v 


V C C = 5V 


3.8 


4.9 










V C C = 5.5V 


4.3 


5.4 






vol 


Low-level output voltage 


V| = 3 V, 


Iql = 3- 2 mA, 


See Figure 5 






0.17 


0.4 


V 


>ih 


High-level input current 


V| = 25 V 


3.6 


4.6 


8.3 




V| = 3 V 


0.43 


0.55 


1 


mA 


IlL 


Low-level input current 


V| = -25 V 


-3.6 


-5 


-8.3 


V|=-3V 


-0.43 


-0.55 


-1 




•OS(H) 


Short-circuit output 
at high level 


V|= 0.75 V, 


v 0 = o, 


See Figure 4 






-8 


-15 


mA 


'OS(L) 


Short-circuit output 
at low level 


V| = V CC . 


v 0 = v CCs 


See Figure 4 






13 


25 


mA 


'cc 


Supply current from Vrjc 


No load, 




V D D = 5 V, V S S = 


-5V 




400 


600 


MA 


All inputs at 0 or 5 V 


V DD = 12V, V S S = 


-12V 




400 


600 



t All typical values are at T/\ = 25°C. 

NOTE 4: If the inputs are left unconnected, the receiver interprets this as an input low and the receiver outputs will remain in the high state. 



switching characteristics, V DD = 12 V, V S s = -12 V, V cc = 5 V± 10%, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


C|_ = 50 pF, Rj_ = 5 kQ, See Figure 6 


3 4 




tPHL Propagation delay time, high- to low-level output 


3 4 


US 


tj|_H Transition time, low- to high-level output 


300 450 


ns 


*THL Transition time, high- to low-level output 


100 300 


ns 


t w (N) Duration of longest pulse rejected as noise* 


C|_ = 50 pF, R|_ = 5 kfl 


1 4 


MS 



$ The receiver ignores any positive- or negative-going pulse that is less than the minimum value of t W (N) and accepts any positive- or negative-going 
pulse greater than the maximum of t W (N). 
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V D D 



PARAMETER MEASUREMENT INFORMATION 

JOSL 

-(J) — Vdd or GND 

-lOSH 'IH . 




Figure 1. Driver Test Circuit 
v oh» Vql. Iqsl> *osh 



vdd 



vcc 




vi~0-! 

«5r i 
■v.-<D- 



vss - 

Figure 2. Driver Test Circuit, Iih 



vdd 




cl 

(see Note B) 



VSS 
TEST CIRCUIT 



Input 



I 

tPHL "H 4- 



Output 



90°/SM 90% 
|\50% 60%/| 
\-10% 10%./ | 



VOLTAGE WAVEFORMS 



3V 
• 0V 

•V 0 H 

vol 



NOTES: A. The pulse generator has the following characteristics: t w = 25 jis, PRR = 20 kHz, Zq = 50 Q, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 



vdd 



V|- 




-SoS(H) 
« 'OS(L) 



vdd 



VmVi — 



vcc 



Figure 4. Receiver Test Circuit, Iqsh> Iqsl 



vcc 




VOL ^|, 0L ]_ 



-'oh 



v S s 

Figure 5. Receiver Test Circuit, Vjj, Vql» Vqh 
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PARAMETER MEASUREMENT INFORMATION 



VDD 




Input 




50% 



I 
I 



(see Note B) 



Output 



vss - - - 

TEST CIRCUIT 



*THL- 



5<>%^|r 



-H-tp L H 



90%"M \f" 90% 

|\50% 50% f- 1 

I \ 10% 10% /j,--- 



K- tTLH 



4Y 
0V 

VOH 

vol 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 25 ps, PRR = 20 kHz, Zq = 50 Q, t r = tf < 50 ns. 
B. C[_ includes probe and jig capacitance. 

Figure 6. Receiver Test Circuit and Voltage Waveforms 
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Meet or Exceed Standards EIA/TIA-422-B 
and ITU Recommendation V.11 
BiCMOS Process Technology 
Low Supply Current Requirements 
9 mA Max 

Low Pulse Skew 

Receiver Input Impedance . . . 17 Typ 
Receiver Input Sensitivity . . . ±200 mV 

Receiver Common-Mode Input Voltage 

Range of -7 V to 7 V 

Operate From Single 5-V Power Supply 

Glitch-Free Power-Up/Power-Down 

Protection 

Receiver 3-State Outputs Active-Low 
Enable for SN75C1 1 67 Only 
Improved Replacements for the MC34050 
and MC34051 



SN65C1167, SN75C1167 . . . N OR NSt PACKAGE 
(TOP VIEW) 



1B[ 

1A[ 

1R[ 
RE[ 

2R[ 
2A[ 
2B[ 
GND 





U 16 


1 




2 


15 


3 


14 


4 


13 


5 


12 


6 


11 


7 


10 


8 


9 



]v C c 

1D 
1Y 
1Z 
DE 
2Z 
2Y 
2D 



SN65C1168, SN75C1168 . . . N OR NSt PACKAGE 
(TOP VIEW) 



description 



The SN65C1167, SN75C1167, SN65C1168 and 
SN75C1168 dual drivers and receivers are 
monolithic integrated circuits designed for 
balanced transmission lines and meet EIA 
Standards EIA/TIA-422-B, ITU recommendation 
V.11. 




t The NS package is only available left-ended taped and 
reeled (order device SNx5C1 1 6xNSLE). 



The SN65C1167 and SN75C1167 combine dual 3-state differential line drivers and 3-state differential line 
receivers, both of which operate from a single 5-V power supply. The driver and receiver have active-high and 
active-low enables, respectively, which can be externally connected together to function as direction control. 
The SN65C1 1 68 and SN75C1 1 68 drivers have individual active-high enables. 

The SN65C1167 and SN65C1168 are characterized from -40°C to 85°C. The SN75C1167 and SN75C1168 
are characterized for operation from 0°C to 70°C. 



Function Tables 



EACH DRIVER 



•1167, EACH RECEIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


A-B 


RE 


R 


V|D>0.2V 


L 


H 


-0.2 V<V|D< 0.2 V 


L 


? 


V|D<-0.2V 


L 


L 


X 


H 


Z 


Open 


L 


H 



H = high level, L = low level, ? = indeterminate, X = irrelevant, Z = high impedance (off) 
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logic symbolst 



logic 



'1167 



DE 
RE 

1D 

1R 

2D 

2R 



1DE 
1D 

1R 

2DE 
2D 

2R 



12 



EN1 
EN2 

3 



diagrams (positive logic) 

•1167 

\>- 



DE 



12 



15 



1 V 
1 V 



V 2 



1 V 
1 V 



V 2 



14 



'1168 



15 



12 



EN 



EN 



V 13 




2 


— 4- 


1 


10 




11 




6 


— <- 


7 


14 




13 




2 


A 


1 


10 






6 


A 


7 



1Y 
1Z 
1A 
1B 
2Y 
2Z 
2A 
2B 

1Y 
1Z 
1A 
1B 
2Y 
2Z 
2A 
2B 



t These symbols are in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 



schematics of inputs 



RE 
1D 

1R 

2D 

2R 

1DE 
1D 

1R 
2DE 
2D 

2R 



15 



On 



14 



13 



10 



11 



'1168 



15 



12 



14 



13 



10 



1Y 
1Z 

1A 
1B 

2Y 
2Z 

2A 
2B 



1Y 
1Z 
1A 
1B 

2Y 
21 
2A 
2B 



EQUIVALENT OF DRIVER ENABLE INPUT 



vcc 



Input "AAA — AAA/ o 



n 



GND 



u 



T 



EQUIVALENT OF A OR B INPUT 



vcc 



Input 




1.7 kQ *r 

NOM 



V C C (A) 

or 
GND (B) 



GND 
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schematics of outputs 



TYPICAL OF EACH DRIVER OUTPUT 



7 



v C c 



Output 



4 GND 



TYPICAL OF EACH RECEIVER OUTPUT 



v C c 



Output 



GND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Mqq (see Note 1 ) -0.5 V to 7 V 

Input voltage range, Vj — -0.5 V to Vqc + 0.5 V 

Input voltage range, Vj (A or B, Receiver) - 1 1 V to 1 4 V 

Differential input voltage range, Vjd, Receiver (see Note 2) -14 V to 14 V 

Output voltage range, Vq, Driver -5 V to 7 V 

Clamp current range, Ijk or Iqk> Driver . ±20 mA 

Output current range, lo, Driver ±150 mA 

Supply current, Iqc ■ 200 mA 

GND current -200 mA 

Output current range, Irj, Receiver ±25 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN75C1 1 67, SN75C1 1 68 0°C to 70°C 

SN65C1 1 67, SN65C1 1 68 -40°C to 85°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds . 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values except differential input voltage are with respect to the network GND. 

2. Differential input voltage is measured at the noninverting terminal with respect to the inverting terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


OPERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


N 


1250 mW 


10mW/°C 


800 mW 


650 mW 


NS 


625 mW 


5 mW/°C 


400 mW 


325 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


Common-mode input voltage, V|c (see Note 3) 


Receiver 


±7 


V 


Differential input voltage, V|d 


Receiver 


±7 


V 


High-level input voltage, V|h 


Except A r B 


2 


V 


Low-level input voltage, V| |_ 


Except A, B 


0.8 


V 


High-level output current, Ioh 


Receiver 


-6 


mA 


Driver 


-20 


Low-level output current, Iol 


Receiver 


6 


mA 


Driver ' 


20 


Operating free-air temperature, Ta 


SN65C1167.SN65C1168 


-40 85 


°C 


SN75C1167, SN75C1168 


0 70 



NOTE 3: Refer to ElA standard RS-422-A for exact conditions 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPT MAX 


UNIT 


V| k Input clamp voltage 


l| = -18mA 


-1.5 


V 


Voh High-level output voltage 


V| H = 2V, V|L = 0.8V, loH=-20mA 


2.4 3.4 


V 


Vol Low-level output voltage 


V| H = 2V, V| L = 0.8V, l O L = 20mA 


0.2 0.4 


V 


IVqdi I Differential output voltage 


lO = 0 mA 


2 6 


V 


IVoD2' Differential output voltage 


RL = 1 00 Q, See Figure 1 and Note 3 


2 3.1 


V 


.... . Change in magnitude of differential 
AIV ° Dl output voltage 


±0.4 


V 


Voc Common-mode output voltage 


±3 


v 


... . Change in magnitude of common-mode 
Al oc ' output voltage 


±0.4 


V 


'O(OFF) Output current with power off (see Note 3) 


v C c = ov 


V 0 = 6V 


100 


MA 


V 0 = -0.25 V 


-100 


ma 


'OZ High-impedance-state output current 


V 0 = 2.5 V 


20 


ma 


V 0 = 5 V 


-20 


I IH High-level input current 


V| = V C c or V| H 


1 


ma 


l|L Low-level input current 


V|= GND or V|L 


-1 


ma 


lOS Short-circuit output current 


Vq = Vqc or GND, See Note 4 


-30 -150 


mA 


ICC Supply current (total package) 


No load, 
Enabled 


V| = Vqc or GND 


4 6 


mA 


V| = 2.4 or 0.5 V, See Note 5 


5 9 


Cj Input capacitance 




6 


PF 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

NOTES: 3. Refer to El A standard RS-422-A for exact conditions. 

4. Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 

5. This parameter is measured per input, while the other inputs are at Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tPHL Propagation delay time, high- to low-level output 


Rl = R 2 = 50 Q, R3 = 500 Q, 
C-| = C2 = C3 = 40 pF, S1 is open, 
See Figure 2 


7 12 


ns 


tPLH Propagation delay time, low- to high-level output 


7 12 


ns 


*sk(p) Pu,se skew 


0.5 4 


ns 


t r Rise time 


R 1 = R 2 = 50 13, R3 =500Q, 
Ci m C2 - C3 m 40 pF, S1 is open, 
See Figure 3 


5 10 


ns 


tf Fall time 


5 10 


ns 


tpzH Output enable time to high level 


R 1 = R 2 = 50 Q, R3 = 500 Q, 
Ci = C2 = C3 = 40 pF, S1 is closed, 
See Figure 4 


10 19 


ns 


tpZL Output enable time to low level 


10 19 


ns 


tpHZ Output disable time from low level 


R 1 • R 2 = 50 Q, R3 m 500 Q, 
C-| = C2 = C3 = 40 pF, S1 is closed, 
See Figure 4 


7 16 


ns 


tPLZ Output disable time from high level 


7 16 


ns 



t All typical values are at Vcc - 5 v ancl T A = 25 ° c - 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


. . r osiuve-going input inr&bitoiu vuiiaye, 

V IT+ differential input 




0.2 


V 


v Negative-going input threshold voltage, 
IT- differential input 






V 


Vhys Input hysteresis (V|j + - V|j_) 




60 


mV 


V|k Input clamp voltage, RE '1 1 67 


l|=-18mA 


-1.5 


V 


Vqh High-level output voltage 


V|Q = 200 mV, Ioh * ~ 6 mA 


3.8 4.2 


V 


Vol Low-level output voltage 


V|D = -200 mV, Iql = 6 mA 


0.1 0.3 


V 


'OZ High-impedance-state output current '1 1 67 


Vq - Vcc or GND 


±0.5 ±5 


MA 


l| Line input current 


Other input at 0 V 


V| = 10V 


1.5 


mA 


V| = -10V 


-2.5 


l| Enable input current, RE '1167 


V| = Vcc or GND 


±1 


HA 


r\ Input resistance 


Vjc = -7Vto7V, Other input at 0 V 


4 17 




Iqc Supply current (total package) 


No load, Enabled 


V| « Vcc or GND 


4 6 


mA 


V| H - 2.4 V or 0.5 V, 
See Note 5 


5 9 



t All typical values are at Vcc = 5 V and Ta = 25°C. 

t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 
input voltage and threshold voltage levels only. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tp[_H Propagation delay time, low- to high-level output 


See Figure 5 


9 17 27 


ns 


tpHL Propagation delay time, high- to low-level output 


9 17 27 


ns 


tj|_H Transition time, low- to high-level output 


V|c = 0V, See Figure 5 


4 9 


ns 


tjHL Transition time, high- to low-level output 


4 9 


ns 


tpzH Output enable time to high level 


R|_ = 1 k&, See Figure 6 


13 22 


ns 


tpzL Output enable time to low level 


13 22 


ns 


tpHZ Output disable time from high level 


13 22 


ns 


tPLZ Output disable time from low level 


13 22 


ns 



t All typical values are at Vcc = 5 V and Ta = 25°C. 



NOTE 5: Measured per input while the other inputs are at Vcc or GND. 
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PARAMETER MEASUREMENT INFORMATION 



^C2 



1 



z 



-DC 



VQD2 



ft 
2 



> 2 V 0 C 

J 1 



Figure 1. Driver Test Circuit, Vqd and Vqc 



(see Note I 



I.3V 



I 



3V 

■ov 



R1 



R2 



R3 



1.5 V 



S1 



tpLH -j4-H 

1 1 /— 

1-1 



tPHL 



ri V 0H 

ay 50% 

VOL 



See Note A "=" 



TEST CIRCUIT 



. -H f^-tsktp) 4+| k"*sk(p) 
1 I I 

H\l I 7 V 0H 

| \ 50% I (1 /50% 
Z l ^S1-3V j_Jp,3V 

tPHL M »| ~+\ \+~ tpLH 



-vol 



VOLTAGE WAVEFORMS 



Figure 2. Driver Test Circuit and Voltage Waveforms 



Input 



^pC2 I 
_j C3 




V 0 D ^ R3 



See Note A *=" 

TEST CIRCUIT 



Input 
(see Note B) 



O- 1.5 V 

S1 Differential 90< 

Output 10% 



1! 



\ 



"\ 90% 
I \-10% 



— w k- t r — »| 

VOLTAGE WAVEFORMS 



3V 
OV 



Figure 3. Driver Test Circuit and Voltage Waveforms 

NOTES: A. C1 , C2, and C3 includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r = tf < 6 ns. 
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PARAMETER MEASUREMENT INFORMATION 

input DE ~N^^ 



I.3V 

tpLZ -*j N- 

1.5 V ' ' 

Output 



|y|^V O L + 0.3V 



See Note B 



Output 



tPHZ 



0.8 V 



->| — tpzH 



v 0 l -o.3V 



IF. 



3V 

ov 

1.5 V 

vol 

VOH 
1.5 V 



VOLTAGE WAVEFORMS 



TEST CIRCUIT 

NOTES: A. C1 , C2, and C3 include probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t r = tf < 6 ns. 

Figure 4. Driver Test Circuit and Voltage Waveforms 



A Input - 
B Input - 




Output 
(see Note B) 



tTLH — ►[ k- ~M j«- t 

1/90% \Jio% 

10%J f5° % 50% U l0% 



~M N~ tTHL 

_ Vqh 



tPLH — 



Cl = 50 pF 
(see Note A) 



B Input 
A Input 



ov V 



J«-*- tpHL 



vol 

• 2.5 V 
0V 

-2.5 V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



Figure 5. Receiver Test Circuit and Voltage Waveforms 

j 



RE Input 



Vid^SV, 
or 2.5 V 




Cl = 50 pF 
(see Note A) 



TEST CIRCUIT 



RE Input 



1.3 V 



tPLZ 



Output 



Output 



tPHZ 



0.5 V 




50% 



-*r~ tpzH 



0.5 V 

tpzL» tPLZ Measurement: S1 to Vqc 
tpzH> tpHZ Measurement: S1 to GND 
VOLTAGE WAVEFORMS 



Figure 6. Receiver Test Circuit and Voltage Waveforms 

NOTES: A. C|_ includes probe and jig capacitance. 

B. The pulse generator has the following characteristics: PRR < 1 MHz, duty cycle = 50%, t r = tf < 6 ns. 



3V 
- 0V 

vcc 
vol 
voh 

GND 
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Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and RS-485 
and ITU Recommendations V.10 and V.11 
Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noise Environments 
Driver Positive- and Negative-Current 
Limiting 

Thermal Shutdown Protection 
Driver 3-State Outputs 
Receiver Common-Mode Input Voltage 
Range of -12 V to 12 V 

Receiver Input Sensitivity . . . ±200 mV 
Receiver Hysteresis . . . 50 mV Typ 
Receiver Input Impedance . . . 12 k& Min 
Receiver 3-State Outputs (SN751177 Only) 
Operates From Single 5-V Supply 



description 

The SN751177 and SN751178 dual differential 
drivers and receivers are monolithic integrated 
circuits that are designed for balanced multipoint 
bus transmission at rates up to 10 Mbits per 
second. They are designed to improve the 
performance of full-duplex data communications 
over long bus lines and meet ANSI Standards 
EIA/TIA-422-B, RS-485 and ITU Recommenda- 
tions V.10 and V.11 . 

The SN751177 and SN751178 driver outputs 
provide limiting for both positive and negative 
currents and thermal-shutdown protection from 
line fault conditions on the transmission bus line. 

The receiver features high input impedance of at 
least 12 k&, an input sensitivity of ±200 mV over 
a common-mode input voltage range of -12 V to 
12 V and typical input hysteresis of 50 mV. 
Fail-safe design ensures that if the receiver inputs 
are open, the receiver outputs will always be high. 

The SN751177 and SN751178 are characterized 
for operation from -20°C to 85°C. 



SN751177 . . . N PACKAGE 
(TOP VIEW) 




GND [ 8 

SN751178 . . . N OR NSt PACKAGE 
(TOP VIEW) 




t The NS package is only available left-end taped and 
reeled (order device SN751 1 77NSLE). 

Function Tables 

SN751177, SN751178 
EACH DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



SN751177 
EACH RECEIVER 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
RE 


OUTPUT 
R 


V| D >0.2V 


L 


H 


-0.2 V<V| D < 0.2 V 


L 


? 


V|D<-0.2V 


L 


L 


X 


H 


Z 


Open 


L 


H 



SN751178 
EACH RECEIVER 



DIFFERENTIAL INPUTS 


OUTPUT 


A-B 


R 


V|D > 0.2 V 


H 


-0.2 V<V|D< 0.2 V 


? 


V| D >-0.2V 


L 



H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



production DATA information is current as of publication date. _ . Copyright © 1995, Texas Instruments Incorporated 
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logic symbolst 



logic diagrams (positive logic) 

SN751177 



DE 
RE 

1D 

1R 

2D 

2R 



1DE 
1D 

1R 

2DE 
2D 

2R 



12 


SN751177 




EN1 

EN2 

i r 


14 


4 IN 


15 


> 1 v 
1 V 




3 


2 


jt r 

V 2 < 


"- ^ 
>. 1 


4— 

9 


10 


> 1 V 
1 V 


^ 11 


5 


6 


r 

V 2 <^ 


^ 

Si 7 


*— 

4 


14 




EN > V 

V 


15 


X 13 


3 




1 4 


s\ 1 




12 


10 


EN > V 
V 


9 


s 11 


5 




jt r 
< 


Si 7 


«■— 





1Y 
1Z 
1A 
1B 
2Y 
2Z 
2A 
2B 

1Y 
1Z 
1A 
1B 
2Y 
2Z 
2A 
2B 



DE 
RE 

1D 
1R 
2D 
2R 

1DE 
1D 

1R 
2DE 
2D 

2R 



15 



14 



13 



10 



SN751178 



12 



14 



13 



10 



1Y 
1Z 

1A 
1B 

2Y 
2Z 

2A 
2B 



1Y 
1Z 
1A 
1B 

2Y 
2Z 
2A 
2B 



t These symbols are in accordance with ANSI/IEEE Std 91-1 984 and 
IEC Publication 617-12. 

schematics of inputs 



EQUIVALENT OF DRIVER OR ENABLE INPUT 

vcc 

R(eq) 



Input 




Driver Input: R( 6 q) = 6 kQNOM 
Enable Input: R(eq) = 4kQ NOM 
R(eq) = equivalent resistor 



EQUIVALENT OF RECEIVER INPUT 

v C c — ? — 1 ~ 



Input — VW- 



rh 



All resistors values are nominal. 
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schematics of outputs 



TYPICAL OF ALL DRIVER OUTPUTS 

— vcc 




Output 



GND 



TYPICAL OF ALL RECEIVER OUTPUTS 

- v cc 




Output 



m 



All resistors values are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage, V| (DE, RE, and D inputs) . 7 V 

Receiver input voltage range, V| (A or B inputs) -25 V to 25 V 

Receiver differential input voltage range, Vjd (see Note 2) -25 V to 25 V 

Driver output voltage range, Vq -10 V to 15 V 

Receiver low-level output current, Iql • • 50 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 1150 mW 

Operating free-air temperature range, -20°C to 85°C 

Storage.temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 

t Stresses beyond those iisted under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting terminal with respect to the inverting terminal. 

3. For operation above 25°C free-air temperature, derate to 736 mW at 70°C at the rate of 9.2 mW/°C. 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqq 




4.75 5 5.25 


v 


Hinh-l^v/pl inm it \/nlt;ir!f» \/iu 


DE, RE, and D inputs 


2 


v 


Low-level input voltage, Vj|_ 


0.8 


V 


Common-mode output voltage, Vqc 


Driver 


-7t 12 


V 


High-level output current, Iqh 


-60 


mA 


Low-level output current, Iql 


60 


mA 


Common-mode input voltage, V|c 


Receiver 


±12 


V 


Differential input voltage, V|Q 


±12 


V 


High-level output current, Iqh 


-400 


ma . 


Low-level output current, Iql 


16 


mA 


Operating free-air temperature, Ta 




-20 85 


°C 



t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 
output and threshold voltage levels only. 
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DRIVER SECTIONS 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l|=-18mA 


-1.5 


V 


Vqh High-level output voltage 


V|H = 2V, V|L = 0.8V, loH = -33mA 


3.7 


V 


Vol Low-level output voltage 


V| H = 2V, V| L = 0.8V, l 0 H = 33mA 


1.1 


V 


IVoD1 1 Differential output voltage 


i<o = o 


1.5 6 


V 


IV0D2' Differential output voltage 


RL = 1 00 Q, See Figure 1 


2 


V 


1/2V 0 D1 


RL = 54 Q, See Figure 1 


1.5 5 


VOD3 Differential output voltage 


See Note 4 


1.5 5 


V 


Change in magnitude of differential 
AIV OD< output voltage (see Note 5) 


RL = 54 Q or 1 00 Q, See Figure 1 


±0.2 


\J 


Voc Common-mode output voltage 


-1* 3 


V 


. Change in magnitude of common-mode 
Alv OC output voltage (see Note 5) 


±0.2 


V 


\q Output current with power off 


Vcc = 0, Vo = -7Vto12V 


+ 100 


MA 


lOZ High-impedance-state output current 


V 0 = -7 Vto 12 V 


±100 


HA 


l|H High-level input current 


V|H = 2.7V 


20 


ma 


1 1 l Low-level input current 


V|L = 0.4 V 


-100 


VJK 


lOS Short-circuit output current (see Note 6) 


V 0 = -7V 


-250 


mA 


v 0 = v cc 


250 


Vq = 12V 


250 


ICC Supply current 


No load 


Outputs enabled 


80 110 


mA 


Outputs disabled 


50 80 



t All typical values are at Vcc = 5 V and T/\ = 25°C. 

+" The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 

output and threshold voltage levels only. 
NOTES: 4. See ANSI Standard RS-485 Figure 3.5, Test Termination Measurement 2 



5. AIVqd 1 and AIVqc 1 are the changes in magnitude of Vqd and Vqc> respectively, that occur when the input is changed from a high 
level to a low level. 

6. Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 



switching characteristics at Vqc = 5 V, Cl = 50 pF, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT, 


td(OD) 


Differential output delay time 


R L = 


54 Q, 


See Figure 3 


20 


25 


ns 


tt(OD) 


Differential output transition time 


27 


35 


ns 


tPLH 


Propagation delay time, low- to high-level output 


Rl = 


27 Q, 


See Figure 4 


20 


25 


ns 


tPHL 


Propagation delay time, high- to low-level output 


20 


25 


ns 


tpZH 


Output enable time to high level 


R L = 


110 a 


See Figure 5 


80 


120 


ns 


tPZL 


Output enable time to low level 


R L = 


110 a 


See Figure 6 


40 


60 


ns 


tPHZ 


Output disable time from high level 


R L = 


110 a, 


See Figure 5 


90 


120 


ns 


tPLZ 


Output disable time from low level 


R L = 


110 Q, 


See Figure 6 


30 


45 


ns 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75266 2-953 



SN751177, SN751178 

DUAL DIFFERENTIAL DRIVERS AND RECEIVERS 

SLLS059B - FEBRUARY 1 990 - REVISED MAY 1 995 



SYMBOL EQUIVALENTS 



PiATA QHPPT PARAMETER 


EIA/TIA.A99.R 
CIA/ 1 t/\ mt t££ m O 


rlO"*TOO 


1 Vnm 1 
• v UUi 1 




Vn 


IVOD2' 


V t (R|_ = 100Q) 


V t (RL-54Q) 


IVQD3' 




Vt (test termination 
measurement 2) 


AIVqdI 


IIV t l-IV t !l 


II V t I — I v t n 


voc 


ivosi 


I v 0 s i 


A 1 Voc 1 


ivos-vosi 


ivos-vos' 


'OS 


I »sa". Hsbl 




io 


I lxa>. Xxbl 


iia- lib 



RECEIVER SECTIONS 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V| j + Positive-going input threshold voltage 


V 0 = 2.7V, Iq = -0.4 mA 


0.2 


V 


V| t_ Negative-going input threshold voltage 


Vo = 0.5V, lo = 16mA 


-0.2* 


V 


v hys Input hysteresis voltage (V|j + -V|T-) . 




50 


mV 


Vik Enable clamp voltage SN7511 77 


l| =-18 mA 


-1.5 


V 


Voh High-level output voltage 


V| D = 200mV, Iqh=-400hA 


2.7 


V 


Vql Low-level output voltage 


V|D = -200mV 


lOL = 8 mA 


0.45 


V 


Iql = 16 mA 


0.5 


lOZ High-impedance-state output current | SN751 1 77 


Vq = 0.4 V to 2.4 V 


±20 


HA 


1 1 Line input current (see Note 7) 


Other input at 0 V 


V| = 12V 


1 


mA 


V| = -7V 


-0.8 


l|H High-level enable input current 


SN751177 


V| H = 2.7 V 


20 


MA 


l|L Low-level enable input current 


SN751177 


V| L = 0.4 V 


-100 


HA 


>OS Short-circuit output current (see Note 6) 




-15 -85 


MA 


ICC Supply current 


No load, Outputs enabled 


80 110 


mA 


q Input resistance 




12 


kQ 



t All typical values are at Vcc = 5 V and Ta * 25°C. 
t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 

output and threshold voltage levels only. 
NOTES: 6. Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 



7. Refer to ANSI Standards EIA/TIA-422-B, EIA/TIA-423-A, RS-485-A for exact conditions 
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switching characteristics at Vqq = 5 V, Cl = 15 pF, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


V|D = -1.5Vto1.5V, 


20 


35 


ns 


tPHL 


Propagation delay time, high- to low-level output 


See Figure 7 


22 


35 


ns 


tpZH 


Output enable time to high level 






17 


25 


ns 


tPZL 


Output enable time to low level 


SN751177 


See Figure 8 


20 


27 


ns 


tPHZ 


Output disable time from high level 


25 


40 


ns 


tPLZ 


Output disable time from low level 






30 


40 


ns 



PARAMETER MEASUREMENT INFORMATION 



VQD2 



2 



? 2 V OC 

J 1 




Figure 1. Driver Test Circuit, Vod and Voc 



Figure 2. Receiver Test Circuit, Vqh and Vql 

— 3V 



3V 



(see Note B) 



Generator 
(see Note A) 



Input ^1.5V 
td(OD) -*l N- 



td(OD) 



50 Q 



output »«yr, 

! I 

"*[ |«-t t( OD) 



90% 90% 



^jC 50 % 



1 1 

-*f r*-*t(OD) 



0 V 

- 2.5 V 
«-2.5V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 3. Driver Differential Output Delay and Transition Time Test Circuit and Voltage Waveforms 

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, Zo = 50 Q, t r < 6 ns, tf < 6 ns. 
B. C|_ includes probe and jig capacitance. 
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Generator 
(see Note A) 



50 £2 1 



2.3 V 
| RL = 27 Q 



PARAMETER MEASUREMENT INFORMATION 

Input /f 15V 
tPLH k- 



3V C L = 15pF; 
(see Note B) 



Output 



Oulput | 



tPHL 



I \2.3V 



Z 

Output 



tPHL-"V^| 



k-»L- tp L H 



3V 
0V 

VOH 

vol 

VOH 

vol 



0Vor3V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Driver Propagation Delay Time Test Circuit and Voltage Waveforms 

Output 

Input 

R L = 110Q 




C L = 50 pF - 
50 ft (see Note B) 



ut ^1.5V 



1.5 V 



i 



tpZH 



Output 



3V 



0V 



2.3 V 

tpHZ-^l N- 
VOLTAGE WAVEFORMS 



0.5 V 



VOH 
V 0 ff«OV 



TEST CIRCUIT 

Figure 5. Driver Enable and Disable Time Test Circuit and Voltage Waveforms 

5V 

Rl = hoq 

S1 \ 

0Vor3V 



Generator 
(see Note A) 




C[_ = 50 pF 
50 Q (see Note B) 



Output 



Input y^1.5V 



tpZL H 



Output 



I 



H ^" tpLZ 



0.5 V 



3V 
0V 

5V 

vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 6. Driver Enable and Disable Time Test Circuit and Voltage Waveforms 

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, Zo = 50 Q, t r < 6 ns, tf < 6 ns. 
B. Cl includes probe and jig capacitance. 
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Generator 
(see Note A) 



50 Q 



PARAMETER MEASUREMENT INFORMATION 

Input y^l^V 
tp LH -►) 



Output 



1.5 V 




0V 



1.5 V 



^ C L = 15pF 
(see Note B) 



Output 



1.3 V 

VOLTAGE WAVEFORMS 



-M |«- tpHL 



TEST CIRCUIT 

Figure 7. Receiver Propagation Delay Time Test Circuit and Voltage Waveforms 

S1 




CL = 15pF 
(see Note B) 



2kQ 

-AAAr- 



S2 



5V 



5kft 



1N916or Equivalent 



'S3 



3V 
0V 

V 0 H 

vol 



TEST CIRCUIT 

Input / \ 1.5 V S1 to -1.5 V Input / \ 1.5 V S1 to -1.5 V 

— / j \— — o V S2 Closed — J |> o V S2 Closed 

tpZH \4- S3 Open tpzL -#| f«- S3 Open 

v ly v 0H / vd -4.5 V 

Output V /1.5V Output / \ 1.5 V 

\_/ ov — ' ^ vql 

j ^ 3 V .81 to -1-6 V , J V" 3V Site -1.6V 

Input / V S2 Closed ln P ut / \ S2 Closed 

— <J ^ . OV S3Closed f \ ^ OV S3Closed 

r* l^-^HZ -*| 1^-tpLZ 

yl y V 0H l y^~~K ~ 1 - 3V 

Output -jc ic / Output IF 0.5 V \ 

T \_/ 1.3 V ' > Vol 

0.5 V 

VOLTAGE WAVEFORMS 

Figure 8. Receiver Output Enable and Disable Time Test Circuit and Voltage Waveforms 

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, Zq = 50 Q, t r < 6 ns, tf < 6 ns. 
B. Cl includes probe and jig capacitance. 
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• Meets or Exceeds Standards EIA/TIA-422-B, 
RS-485, CCITT Recommendation V.11 

• Designed for Multipoint Bus Transmission 
on Long Bus Lines in Noisy Environments 

• Low Supply Current Requirement 
50 mA Max 

• Driver Positive- and Negative-Current 
Limiting 

• Driver Common-Mode Output Voltage 
Range of -7 V to 12 V 

• Thermal Shutdown Protection 

• Driver 3-State Outputs Active-High Enable 

• Receiver Common-Mode Input Voltage 
Range of -12 V to 12 V 

• Receiver Input Sensitivity . . . +200 mV 

• Receiver Hysteresis . . . 50 mV Typ 

• Receiver High Input Impedance 
12kQMin 

• Receiver 3-State Outputs Active-Low 
Enable for SN75ALS1177 Only 

• Operates From Single 5-V Supply 

description 

The SN75ALS1177 and SN75ALS1178 dual 
differential drivers and receivers are monolithic 
integrated circuits designed for bidirectional data 
communication on multipoint bus transmission 
lines. They are designed for balanced trans- 
mission lines and meet standards EIA/TIA-422-B, 
RS-485, and CCITT Recommendation V.11 . 

The SN75ALS1177 combines dual 3-state 
differential line drivers and dual 3-state differential 
input line receivers, both of which operate from 
a single 5-V power supply. The drivers and 
receivers have active-high and active-low 
enables, respectively, which can be externally 
connected together to function as direction 
control. The SN75ALS1 1 78 drivers each have an 
individual active-high enable. Fail-safe design 
ensures that when the receiver inputs are open, 
the receiver outputs are always high. 

The SN75ALS1177 and SN75ALS1178 are 
characterized for operation from 0°C to 70°C. 



SN75ALS1177 . . . N OR NSt PACKAGE 
(TOP VIEW) 



1B[ 


1 


U 16 


]v C c 


1A[ 


2 


15 


]1D 


1R[ 


3 


14 


]1Y 


RE[ 


4 


13 


]1Z 


2R[ 


5 


12 


]DE 


2A[ 


6 


11 


]2Z 


2B[ 


7 


10 


]2Y 


gnd[ 


8 


9 


]2D 



SN75ALS1178 . . . N OR NSt PACKAGE 
(TOP VIEW) 



1B[ 




U ia] 


1 




1A[ 


2 


15] 


1R[ 


3 


14] 


1DE[ 


4 


13] 


2R[ 


5 


12] 


2A[ 


6 


11] 


2B[ 




10] 


gnd[ 


8 


9] 



t The NS package is only available in left-end taped and 
reeled (SN75ALS1 1 77NSLE and SN75ALS1 178SNLE). 

Function Tables 

SN75ALS1177, SN75ALS1178 
EACH DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


Y Z 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



SN75ALS1177, EACH RECEIVER 



DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


A-B 


RE 


R 


V|D>0.2V 


L 


H 


-0.2 V<V|D<0.2 V 


L 


? 


V|D<-0.2V 


L 


L 


X 


H 


Z 


Open 


L 


H 



SN75ALS1178, EACH RECEIVER 



DIFFERENTIAL INPUTS 


OUTPUT 


A-B 


R 


V|D > 0.2 V 


H 


-0.2 V<V|D< 0.2 V 


? 


V|D<-0.2V 


L 


Open 


H 



H = high level, L = low level, ? - indeterminate, 
X «= irrelevant, Z = high impedance (off) 



3 of publication date. m m Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments WSm 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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logic symbolst 



logic diagrams (positive logic) 

SN75ALS1177 



DE 
RE 



12 



SN75ALS1177 



EN1 
EN2 



1D 


15 




> 


1 V 








1 V 


1R 


3 


V 2 


JT 


< 




«— 






2D 


9 




> 


1 V 








1 V 


2R 


5 


V 2 


JT 


< 




4— 







14 



13 



10 



11 



SN75ALS1178 



1DE 
ID 

1R 

2DE 
2D 

2R 



4 


EN > V 

V 


14 


15 


s 13 


3 


2 


J H 


—4 

A 1 


4— 

12 


10 


EN > V 

V 


9 


s 11 




6 

— «- 


-cr r 
< 


A 7 







1Y 
1Z 
1A 
1B 
2Y 
2Z 
2A 
2B 

1Y 
1Z 
1A 
1B 
2Y 
21 
2A 
2B 



t These symbols are in accordance with ANSI/IEEE Std 91-1984 
andlEC Publication 617-12. 



equivalent schematics 



DE 
RE 

1D 
1R 
2D 
2R 

1DE 
1D 

1R 
2DE 
2D 

2R 



15 



{St 



<> 14 



13 



10 



SN75ALS1178 



14 



13 



12 



ft 



10 



EQUIVALENT OF DRIVER OR ENABLE INPUT 

vcc- 

":35kDN0M 



Input 



U 



EQUIVALENT OF RECEIVER INPUT 



1Y 
1Z 

1A 
1B 

2Y 
2Z 

2A 
2B 



1Y 
1Z 
1A 
1B 

2Y 
21 
2A 
2B 



Input 



GND 




1.7 kQ W 

NOM 



VCC(A) 

or 
GND (B) 
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schematics of outputs 



TYPICAL OF DRIVER OUTPUTS 




vcc 



Output 



GND 



TYPICAL OF RECEIVER OUTPUTS 

— V CC 
70 Q 
NOM 




Output 



rti 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc (see Note 1) 7 V 

Input voltage, V| (DE, RE, and D inputs) 7 V 

Output voltage range, Vq (Driver) -9 V to 1 4 V 

Input voltage range, Receiver - 1 4 V to 1 4 V 

Receiver differential-input voltage range (see Note 2) - 1 4 V to 1 4 V 

Receiver low-level output current 50 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A 0°C to 70°C 

Storage temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting terminal with respect to the inverting terminal. 

DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 


OPERATING FACTOR 


T A = 70°C 




POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


N 


1150 mW 


9.2mW/°C 


736 mW 


NS 


625 mW 


4.0 mW/°C 


445 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Differential input voltage, V|d 


Receiver 


±12 


V 


Common-mode output voltage, Voc 


Driver 


-7T 12 


V 


Common-mode input voltage, Vic 


Receiver 


±12 


V 


High-level input voltage, Vm 


DE, RE, D 


2 


V 


Low-level input voltage, V|l 


DE, RE, D 


0.8 


V 


High-level output current, Iqh 


Driver 


-60 


mA 


Receiver 


-400 


HA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


0 70 


°C 



t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 
output and threshold voltage level only. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l|=-18mA 


-1.5 


V 


v OH High-level output voltage 


V|H = 2V, V|[_ = 0.8V, lQH = -33mA 


3.3 


V 


Vol Low-level output voltage 


V|H = 2V, V||_ = 0.8V, l0L = 33mA 


1.1 


V 


IVqdi 1 Differential output voltage 


io = o 


1.5 6 


V 


IVOD2 1 Differential output voltage 


VcC = 5V, 
R|_=100a 


See Figure 1 


1/2V 0 D1 


V 


2 


RL = 54 Q 


1.5 5 


IVOD3 1 Differential output voltage 


See Note 3 


1.5 5 


V 


... . Change in magnitude of differential 
AIV OD" output voltage (see Note 4) 


R|_ = 54 Q or 1 00 CI, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


-1* 3 


V 


v . Change in magnitude of common-mode 
AIV OC output voltage (see Note 4) 


±0.2 


V 


'O(OFF) Output current with power off 


Vcc = °. Vo = -7Vto12V 


±100 


UA 


'OZ High-impedance-state output current 


Vo = -7Vto12V 


±100 


MA 


l|H High-level input current 


V| H = 2.7 V 


100 


pA 


l|l_ Low-level input current 


V| L = 0.4V 


-100 


MA 


lOS Short-circuit output current 


V 0 = -7V 


-250 


mA 


v 0 = vcc 


250 


Vo = 12V 


250 


V 0 = 0 V 


150 


Ice Supply current (total package) 


No load 


Outputs enabled 


35 50 


mA 


Outputs disabled 


20 50 



t All typical values are at Vcc = 5 V and T A = 25°C 

t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 

output and threshold voltage levels only. 
NOTES: 3. See EIA Standard RS-485 Figure 3.5, test termination measurement 2. 



4. Al Vqd 1 and A' Voc 1 are tne changes in magnitude of Vod and Voc» respectively, that occur when the input is changed from a high 
level to a low level. 



switching characteristics at Vqq = 5 V, = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, high- to low-level output 


R|_ = 60 a 
See Figure 3 


Cu =C[_2 = 100pF, 


9 


15 


22 


ns 


tPHL 


Propagation delay time, low- to high-level output 


9 


15 


22 


ns 


tsk 


Output-to-output skew 




0 


2 


8 


ns 


tpZH 


Output enable time to high level 


Cl=100 pF, 


See Figure 4 


30 


35 


50 


ns 


tPZL 


Output enable time to low level 


Cl=100 pF r 


See Figure 5 


5 


15 


25 


ns 


tPHZ 


Output disable time from high level 


C|_=15pF, 


See Figure 4 


7 


15 


30 


ns 


tPLZ 


Output disable time from low level 


CL=15pF, 


See Figure 5 


7 


15 


30 


ns 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|j + Positive-going input threshold voltage 


Vo = 2.7V, lo« -0.4 mA 


0.2 


V 


V| j_ Negative-going input threshold voltage 


Vq = 0.5V, lo»8mA 


-0.2* 


V 


v hys ,n P ut hysteresis voltage (V| j + - Vj j_) 




50 


mV 


V|k Enable input clamp voltage SN75ALS1 1 77 


l| = -18mA 


-1.5 


V 


Vqh High-level output voltage 


V|D - 200 mV, Iqh = -400 pA, 
See Figure 2 


2.7 


V 


Vol Low-level output voltage 


V|D = 200 mV, |ql - 8 mA, 
See Figure 2 


0.45 


V 


•OZ High-impedance-state output current SN75ALS1 1 77 


Vq = 0.4 V to 2.4 V 


±20 


MA 


1 1 Line input current (see Note 5) 


Other input at 0 V 


V| = 12V 


1 


mA 


V|--7V 


-0.8 


l|H High-level input current, RE 


SN75ALS1177 


V|h = 2.7V 


20 


HA 


1 1 l Low-level input current, RE 


SN75ALS1177 


V|L = 0.4 V 


-100 


ma 


r; Input resistance 




12 


kQ 


lOS Short-circuit output current 


Vo = 0V, See Note 6 


-15 -85 


mA 


ICC Supply current (total package) 


No load, Outputs enabled 


35 50 


mA 



t All typical values are at Vcc = 5 v and Ta = 25°C. 

$ The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for common-mode 

output and threshold voltage levels only. 
NOTES: 5. Refer to EIA standards RS-422-A, RS-423-A, and RS-485-A for exact conditions. 



6. Not more than one output should be shorted at a time. 



switching characteristics at Vqc = 5 V, T/y = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


c L 


= 15pF, 


See Figure 6 


15 


25 


37 


ns 


tPHL 


Propagation delay time, high- to low-level output 


15 


25 


37 


ns 


tPZH 


Output enable time to high level 


SN75ALS1177 


c l 


= 100 pF, 


See Figure 7 


10 


20 


30 


ns 


tPZL 


Output enable time to low level 


SN75ALS1177 


c l 


= 100 pF, 


See Figure 7 


10 


20 


30 


ns 


tPHZ 


Output disable time from high level 


SN75ALS 11 77 


c L 


= 15pF, 


See Figure 7 


5 


12 


16 


ns 


tPLZ 


Output disable time from low level 


SN75ALS1177 


c l 


= 15pF, 


See Figure 7 


5 


12 


16 


ns 
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PARAMETER MEASUREMENT INFORMATION 



VQD2 <► 



Rl 

2 



2 Voc 

1 



T 

vol 

1 




V 0 H V 



I "OH 



Figure 1. Driver Test Circuit, Vqd and v OC 



Cli = 100 pF 
(see Note B) 




VOL ^ Mol 
Figure 2. Receiver Test Circuit, Vqh and Vql 

3V 

ov 



Driver 
Input 



Y Output 



J 

>LH-*I 



tPLH-H j<- 
1/2 V 0 
Z Output 



r 

tPHL-N 



-H N- «sk 



I 1/2 V 0 



-H H-«sk 



DRIVER TEST CIRCUIT 



DRIVER VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 



Generator 
(see Note A) 



Figure 3. Driver Propagation Delay Times 

Output 

up 



S1 



9 <> 



(see Note B) 



50 Q 



Input 



1.5 V 



1.5 V 



3V 
0V 



= 500Q 



tpZH -H M- 



Output 



2.3 V 



-— " p ov 



0.5 V 



DRIVER VOLTAGE WAVEFORMS 



DRIVER TEST CIRCUIT 



NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 10 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 4. Driver Enable and Disable Times 
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PARAMETER MEASUREMENT INFORMATION 

v cc 

> RL = 500Q 



S1 



3VorOV 1>^-0^ 



Generator 
(see Note A) 



(see Note B) 



50 Q 



Output 



1.5 V 



Input 



tpZL "H H- 

I 



3V 
0V 



0.5 V 



Output 



2.3 V 



ov 



vol 



DRIVER VOLTAGE WAVEFORMS 



DRIVER TEST CIRCUIT 



NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 5. Driver Enable and Disable Times 



Generator 
(see Note A) 



:50 



0V(SN75ALS1 177 only) 



T 



Output 



-+«- 



1 kQ 

-AAAr- 



(see Note B) 



1 kQ 



1N916or 
Equivalent 



1 



RECEIVER TEST CIRCUIT 



V CC 



Input 



0V 



Output 



tPHL -N N- 



1.5 V 



~+\ N- tpLH . 



DRIVER VOLTAGE WAVEFORMS 



2.5 V 
-2.5 V 

V 0 H 
VOL 



NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 6. Receiver Propagation Delay Times 
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PARAMETER MEASUREMENT INFORMATION 




Output 

L- 



1 



(see Note B) 



1 kQ 



RECEIVER TEST CIRCUIT 



S2 



1N916or 
Equivalent 

S3 



1 kQ 

-AAA/ — Vcc 



Input 



Output 



1.5 V 



V 



S1 to -1.5 V | 

52 Closed tpzL -*l 

53 Closed 



1.5 V 



£ 



0.5 V 



3V 
0V 



S1 to 1.5 V , . 

S2 Open tPZH ~+| j*" 
S3 Closed 



S1 to -1.5 V | 

52 Closed tpLZ -*| N~ 

53 Closed | I . 

r T~ 

_± 



vol 



JL^^L S1 to 1.5 V l^lT— IT 

S2 ODen tnu? -k M— » 



S2 0pen tpHZ -*| 
S3 Closed ' 



VOH 
0V 



0.5 V 



RECEIVER VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 7. Receiver Output Enable and Disable Times 
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SN65C1406, SN75C1406 
TRIPLE LOW-POWER DRIVERS/RECEIVERS 



SLLS148B- MAY 1990- REVISED MAY 1995 



Meet or Exceed the Requirements of ANSI 
EIA/TIA-232-E and ITU Recommendation 
V.28 

Very Low Power Consumption 
5 mW Typ 

Wide Driver Supply Voltage Range 
±4.5 V to ±15 V 

Driver Output Slew Rate Limited to 
30 V/lis Max 

Receiver Input Hysteresis . . . 1000 mV Typ 
Push-Pull Receiver Outputs 
On-Chip Receiver 1-lis Noise Filter 
Functionally Interchangeable With Motorola 
MC 145406 and Texas Instruments 
TL1 45406 



D, DW, OR N PACKAGE 
(TOP VIEW) 

16]V CC 
15]1RY 
14] "IDA 
13]2RY 
12 ]2DA 
]3RY 
]3DA 
] GND 




logic symbolt 



description 



1RA 
2RA 
3RA 
1DY 
2DY 
3DY 



4 


6 


3 




5 




7 





15 



13 



14 



12 



10 



1RY 
2RY 
3RY 
1DA 
2DA 
3DA 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

logic diagram (positive logic) 

Typical of each receiver 



RA 



2,4,6 



The SN65C1406 and SN75C1406 are low-power 
BiMOS devices containing three independent 
drivers and receivers that are used to interface 
data terminal equipment (DTE) with data 
circuit-terminating equipment (DCE). This device 
is designed to conform to ANSI EIA/TIA-232-E. 
The drivers and receivers of the SN65C1406 and 
SN75C1 406 are similar to those of the SN75C1 88 
quadruple driver and SN75C189A quadruple 
receiver, respectively. The drivers have a 
controlled output slew rate that is limited to a 
maximum of 30 V/lis, and the receivers have filters 
that reject input noise pulses shorter than 1 lis. 
Both these features eliminate the need for 
external components. 

The SN65C1406 and SN75C1406 have been 
designed using low-power techniques in a BiMOS 
technology. In most applications, the receivers 
contained in these devices interface to single 

inputs of peripheral devices such as ACES, UARTs, or microprocessors. By using sampling, such peripheral 
devices are usually insensitive to the transition times of the input signals. If this is not the case, or for other uses, 
it is recommended that the SN65C1406 and SN75C1406 receiver outputs be buffered by single Schmitt input 
gates or single gates of the HCMOS, ALS, or 74F logic families. 

The SN65C1406 is characterized for operation from -40°C to 85°C. The SN75C1406 is characterized for 
operation from 0°C to 70°C. 



Typical of each driver 



DY 



3,5,7 



15,13,11 



14, 12, 10 



RY 



DA 



PRODUCTION DATA information Is current as of publication date. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W mm 

standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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SN65C1406. SN75C1406 

TRIPLE LOW-POWER DRIVERS/RECEIVERS 

SLLS1 48B - MAY 1 990 - REVISED MAY 1 995 



schematics of inputs and outputs 



EQUIVALENT DRIVER INPUT 



Input 
DA 



V D D 



Internal 

1.4-V Reference 



C 



GND 



I 



v S s 



EQUIVALENT DRIVER OUTPUT 



V D D 



1160 a 



< 



74 a 



r 



Output 
DY 



r 



72Q 



v S s 



Input 
RA " 



EQUIVALENT RECEIVER INPUT 



3.4 kQ 

-AAAc 



EQUIVALENT RECEIVER OUTPUT 



7 



ESD 
Protection 



GND- 



1.5 kQ 



ESD 
Protection 



530 Q 



vcc 



Output 
RY 



GND 



All resistor values shown are nominal. 
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SN65C1406, SN75C1406 
TRIPLE LOW-POWER DRIVERS/RECEIVERS 



SLLS148B - MAY 1 990 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vdd (see Note 1 ) 15V 

Supply voltage, Vss -15V 

Supply voltage, Vqc 7V 

Input voltage range, Vp Driver Vss to Vdd 

Receiver -30 V to 30 V 

Output voltage range, Vq: Driver (Vss - 6 V) to (Vdd + 6 V) 

Receiver -0.3 V to (V C q + 0.3 V) 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : SN65C1406 -40°Cto85°C 

SN75C1406 0°Cto70°C 

Storage temperature range, T stg -65°C to 150 °C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


DW 


1025mW 


8.2 mW/°C 


656 mW 


533 mW 


N 


1150 mW 


9.2mW/°C 


736 mW 


598 mW 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


Supply voltage, Vdd 


4.5 


12 


15 


V 


Supply voltage, Vss 


-4.5 


-12 


-15 


V 


Supply voltage, Vrjc 


4.5 


5 


6 


V 


Input voltage, V| 


Driver 


Vss+2 




vdd 


V 


Receiver 


±25 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


High-level output current, Ioh 


-1 


mA 


Low-level output current, Iql 


3.2 


mA 


Operating free-air temperature, T A 


SN65C1406 


-40 




85 


°C 


SN75C1406 


0 




70 
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SN65C1406, SN75C1406 

TRIPLE LOW-POWER DRIVERS/RECEIVERS 

SLLS148B- MAY 1990 -REVISED MAY 1995 



DRIVER SECTION 

electrical characteristics over operating free-air temperature range, Vqq = 12 V, V§s = -12 V, 
Vqc = 5 V ± 1 0% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Voh High-level output voltage 


V|h = 0.8V, R|_ = 3 kQ, 
See Figure 1 


V D D = 5V, V S S = -5V 


4 4.5 


V 


V DD = 12V, V S S = -12 V 


10 10.8 


y Low-level output voltage 
01 (see Note 2) 


V|H = 2V, R|_ = 3 kQ, 
See Figure 1 


V D D = 5V, V S S = -5V 


-4.4 -4 


V 


V DD = 12V, V S S = -12 V 


-10.7 -10 


l|H High-level input current 


V| = 5 V, See Figure 2 


1 


MA 


l|l_ Low-level input current 


V| = 0, See Figure 2 


-1 


ma 


. High-level short circuit 
0S < H ) output current* 


V| = 0.8 V, Vo = 0 or Vss> See Figure 1 


-7.5 -12 -19.5 


mA 


. Low-level short circuit 
os ( L ) output current* 


V| = 2V, Vo = 0orVDD» See Figure 1 


7.5 12 19.5 


mA 


Iqd Supply current from Vqd 


No load, 

All inputs at 2 V or 0.8 V 


Vdd = 5V, V S S = -5V 


115 250 


MA 


v D d = i2V, v S s= -12 V 


115 250 


Iss Supply current from v$s 


No load, 

All inputs at 2 V or 0.8 V 


V D D = 5V, V S S = -5V 


-115 -250 


mA 


v D d = i2V, v S s = -12 V 


-115 -250 


ro Output resistance 


VDD = Vss = Vcc = n > Vq = -2 V to 2 V, See Note 3 


300 400 


Q 



t All typical values are at Ta = 25°C. 

$ Not more than one output should be shorted at a time. 

NOTES: 2. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 



levels only. 

3. Test conditions are those specified by EIA/TIA-232-E. 



switching characteristics at T A = 25°C, V DD = 12 V, V ss = -12 V, V cc = 5 V± 10% 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low- to high-level output§ 


R|_ = 3 kQ to 7 kQ, C|_ = 15 pF, 
See Figure 3 


1.2 3 


MS 


tpHL Propagation delay time, high- to low-level output§ 


2.5 3.5 


MS 


*TLH Transition time, low- to high-level output^ 


0.53 2 3.2 


MS 


tjHL Transition time, high- to low-level output^ 


0.53 2 3.2 


MS 


tj|_H Transition time, low- to high-level output* 


RL - 3 kQ to 7 kQ, C[_ = 2500 pF, 
See Figure 3 


1 2 


MS 


tjHL Transition time, high- to low-level output* 


R|_ - 3 kQ to 7 kQ, C|_ = 2500 pF, 
See Figure 3 


1 2 


MS 


SR Output slew rate 


R|_ = 3 kQ to 7 kQ, C|_ = 15 pF, 
See Figure 3 


4 10 30 


V/|I8 



§ tPHL and tPLH include the additional time due to on-chip slew rate and are measured at the 50% points. 
1f Measured between 1 0% and 90% points of output waveform 

# Measured between 3-V and -3-V points of output waveform (EIA/TIA-232-E conditions) with all unused inputs tied either high or low 
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SN65C1406, SN75C1406 
TRIPLE LOW-POWER DRIVERS/RECEIVERS 

SLLS1 48B - MAY 1 990 - REVISED MAY 1 995 



RECEIVER SECTION 

electrical characteristics over operating free-air temperature range, V DD = 12 V, V ss = -12 V, 
Vqc = 5 V ± 10% (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V| T+ 


Positive-going input 
threshhold voltage 


See Figure 5 


1.7 


2 


2.55 


V 


V|T- 


Negative-going input 
threshhold voltage 


See Figure 5 


0.65 


1 


1.25 


V 


v hys 


Input hysteresis voltage 

(VITJ.-VIT-) 




600 


1000 




mV 






V| = 0.75 V, 


IOH = -20 mA, 


See Figure 5 and Note 4 


3.5 




VOH 


High-level output voltage 


V| = 0.75 V, 
See Figure 5 


lOH = - 1 mA, 


Vcc = 4.5V 


2.8 


4.4 




V 


V C C = 5V 


3.8 


4.9 










V C C = 5.5V 


4.3 


5.4 






VOL 


Low-level output voltage 


V|= 3 V, 


Iql = 3.2 mA, 


See Figure 5 






0.17 


0.4 


V 


llH 


High-level input current 


V| = 2.5 V 


3.6 


4.6 


8.3 




V| = 3V 


0.43 


0.55 


1 


mA 


IlL 


Low-level input current 


V|»-2.5V 


-3.6 


-5 


-8.3 


V|= -3V 


-0.43 


-0.55 


-1 




»OS(H) 


High-level short-circuit 
output current 


V| = 0.75 V, 


v 0 = o, 


See Figure 4 






-8 


-15 


mA 


•OS(L) 


Low-level short-circuit 
output current 


V| = V CC , 




See Figure 4 






13 


25 


mA 


ICC 


Supply current from V<x 


No load, 




VDD-5V, 


V S S = -5V 




320 


450 


HA 


Ail inputs at 0 or 5 V 


V DD = 12V, 


Vss - "12 V 




320 


450 



t All typical values are at Ta - 25°C. 

NOTE 4: If the inputs are left unconnected, the receiver interprets this as an input low and the receiver outputs will remain in the high state. 



switching characteristics at Ta = 25°C, Vqd = 12 V, Vss = -12 V, Vqc = 5 V ± 10% (unless otherwise 
noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpLH Propagation delay time, low- to high-level output 


C|_ = 50 pF, Rl = 5 kQ, 
See Figure 6 


3 4 


US 


*PHL Propagation delay time, high- to low-level output 


3 4 


MS 


tjLH Transition time, low- to high-level outputt 


300 450 


ns 


tjHL Transition time, high- to low-level output* 


100 300 


ns 


t W (N) Duration of longest pulse rejected as noise§ 


C|_ = 50 pF, Rl - 5 k£2 


1 4 


\1S 



* Measured between 1 0% and 90% points of output waveform 
§ The receiver ignores any positive- or negative-going pulse that is less than the minimum value of t w (N) and accepts any positive- or negative-going 
pulse greater than the maximum of t w (N). 
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SN65C1406, SN75C1406 

TRIPLE LOW-POWER DRIVERS/RECEIVERS 

SLLS148B- MAY 1 990 - REVISED MAY 1 995 



PARAMETER MEASUREMENT INFORMATION 



vdd 



vcc 




'I 



v S s 



'OS(L ) 

-Q) — V D D or GND 
-'QS(H ) 

— (J)— VssorGND 



R L = 3 kQ 



Figure 1. Driver Test Circuit 
v OH» v OL> '0S(L)> { OS(H) 



vdd 



v <-flH 
vi-CD-J 



vcc 




VSS 



Figure 2. Driver Test Circuit, Iil, Iih 



vdd 



Input 



Pulse 






Generator 






See Note A 



vcc 



Input 




L 1.5 



■3V 



v S s 

TEST CIRCUIT 



tpHL H*— M 



^ H tp LH 



0V 



(see Note B) Output 



90%\\ W~ 90% 

|\50% 50% /I 

j VlO% 10%./ | 



•VqH 



*THL~ 



*TLH 



VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 25 ps, PRR = 20 kHz, Zo = 50 Q, t r = tf < 50 ns. 
B. C[_ includes probe and jig capacitance. 



vdd 
I v cc 



Figure 3. Driver Test Circuit and Voltage Waveforms 

v DD 



-«OS(H) 



, »OS(L) 



vrr.vr 



vcc 




.-©- vcc 



vss 



Vss 



-'OH 



Figure 4. Receiver Test Circuit, Iqs(H)» IqS(L) 



Figure 5. Receiver Test Circuit, V|t, Vql» Vqh 
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TRIPLE LOW-POWER DRIVERS/RECEIVERS 



SLLS148B - MAY 1 990 - REVISED MAY 1995 



Pulse 






Generator 






See Note A 




PARAMETER MEASUREMENT INFORMATION 

Input ■/ 50% 
/l 

I 

tpHlH* ^ 

I 



50%^|^ 



-4- tpLH 



? (see Note B) 



Output 



90%"\ \f~ 90% 

|\50% 50% #| 



vss - 

TEST CIRCUIT 



tTHL -H K— — H h~ tTLH 
VOLTAGE WAVEFORMS 



4V 
• 0V 

•VOH 

vol 



NOTES: A. The pulse generator has the following characteristics: t w = 25 jos, PRR = 20 kHz, Zq = 50 Q, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 6. Receiver Test Circuit and Voltage Waveforms 



APPLICATION INFORMATION 



The EIA/TIA-232-E specification is for data interchange between a host computer and a peripheral at signaling rates 
up to 20 kbps. Many EIA/TI A-232-E devices will operate at higher data rates with lower capacitive loads (short cables) . 
For reliable operation at greater than 20 kbps, the designer needs to have control of both ends of the cable. By mixing 
different types of EIA/TIA-232-E devices and cable lengths, errors can occur at higher frequencies (above 20 kbps). 
When operating within the EIA/TIA-232-E requirements of less than 20 kbps and with compliant line circuits, 
interoperability is assured. For applications operating above 20 kbps, the design engineer should consider devices 
and system designs that meet the EIA/TI A-423-B requirements. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-975 



2-976 



SN75ALS1711 

TRIPLE DIFFERENTIAL BUS TRANSCEIVER 



SLLS11 7B - APRIL 1 991 - REVISED MAY 1 995 



• Three Bidirectional Transceivers 

• Driver/Receiver Meets or Exceeds the 
Requirements of ANSI Standard RS-485 
and ANSI Standard X3.131-1986 (SCSI) 

High-Speed Advanced Low-Power Schottky 
Circuitry 

• Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

• Wide Positive and Negative Input/Output 
Bus Voltages Ranges ... -7 V to 12 V 

• Driver Output Capacity ... ±60 m A 

• Driver Positive and Negative Current 
Limiting 

• Thermal Shutdown Protection 

• Receiver Input Sensitivity . . . ±200 mV Max 

• Receiver Input Impedance . . . 12 kQ Min 

• Receiver Input Hysteresis . . . 50 mV Typ 

• Operates From a Single 5-V Supply 

• Low Supply-Current Requirements 

72 mA Max 

• Glitch-Free Power-Up and Power-Down 
Protection 

description 



DWORN PACKAGE 
(TOP VIEW) 



ir r 

1H I 


1 


20 


1 1R 
J 1B 


1DE[ 


2 


19 


]1A 


1D[ 


3 


18 


]RE 


GND[ 


4 


17 


]CDE 


GND [ 


5 


16 


]v C c 


2R[ 


6 


15 


]2B 


2DE[ 




14 


]2A 


2D[ 


8 


13 


]3B 


3R[ 


9 


12 


]3A 


3DE[ 


10 


11 


]3D 



Function Tables 

EACH DRIVER 



INPUT 
D 


ENABLES 


OUTPUTS 


DE CDE 


A B 


H 


H H 


H L 


L 


H H 


L H 


X 


L X 


Z Z 


X 


X L 


z z 



EACH RECEIVER 



DIFFERENTIAL INPUTS 
A-B 


ENABLE 
RE 


OUTPUT 
R 


V| D > 0.2 V 


L 


H 


V|D = -0.2 V to 0.2 V 


L 


? 


V iD <-0.2V 


L 


L 


X 


H 


Z 


Open 


L 


H 



high level, 
irrelevant, 



L = low-level, ? = indeterminate, 
Z = high impedance (off) 



The SN75ALS1711 triple differential bus 
transceiver is a monolithic integrated circuit 

designed for bidirectional data communication on multipoint bus transmission lines. It is designed for balanced 
transmission lines and meets ANSI Standard RS-485 and ANSI Standard X3.131-1986 (SCSI). 

The SN75ALS1711 operates from a single 5-V power supply. The drivers and receivers have individual 
active-high and active-low enables, respectively, which can be externally connected together to function as a 
direction control. The driver differential output and the receiver differential input pairs are connected internally 
to form differential input/output (I/O) bus ports that are designed to offer minimum loading to the bus when the 
driver is disabled or Vqc is at 0. These ports feature wide positive and negative common-mode voltage ranges 
making the device suitable for party-line applications. 

The SN75ALS1711 is characterized for operation from 0°C to 70°C. 



PRODUCTION DATA Information is current as of publication date. m _ Copyright © 1995, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Production processing does not necessarily Include wU9 TrvAC 

testing of all parameters. I r > J X/\^ 
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SN75ALS1711 

TRIPLE DIFFERENTIAL BUS TRANSCEIVER 

SLLS1 1 7B - APRIL 1 991 - REVISED MAY 1 995 



logic symbolt 

17 

CDE 

2 

1DE 

7 

2DE 
3DE • 



10 



G5 
5EN1 
5EN2 
5EN3 
EN4 



1D • 



1R- 



2D 



6 ^ 
2R 4- 



11 



3D 



9 ^ 
3R 4- 





> 


1 V 
1V 


V4 


1 


JT 






> 


2 V 
2 V 


V4 


1 


JT 






> 


3 V 
3 V 


V4 


1 


- 





20 

4 ► 1B 



14 

4 ► 2A 

15 

f 4 ► 2B 



13 

t « ► 3B 



t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and 
IEC Publication 617-12. 



logic diagram (positive logic) 

17 



CDE 
1DE- 

1D — 

18 

RE 



to 



1R- 



2DE- 
2D- 



2R- 



:0 



3DE- 
3D- 



10 



11 



O 



3R- 



to 



Bus 



n 


14 


D-i 


15 



Bus 



to 



~3l-^-3A\ 



Bus 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

v C c 



Input — ♦ 




TYPICAL OF A AND B I/O PORTS 




288 kfl 



V C C(A) 

or 
GND (B) 



Input/Output Port 




V C C 



GND 



TYPICAL OF RECEIVER OUTPUT 

V CC 

70 Q 




Output 



All values are nominal. 
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TRIPLE DIFFERENTIAL BUS TRANSCEIVER 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) -0.5 V to 7 V 

Enable input voltage range, V| -0.5 V to Vcc + °- 5 v 

Input voltage range, Vj: Driver -0.5 V to Vcc + 0-5 V 

Receiver -9 V to 14 V 

Output voltage range, Vq: Driver -9 V to 1 4 V 

Receiver -0.5 V to Vcc + 0.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 


PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


Ta = 70°C 
POWER RATING 


DW 


1125 mW 


9.0 mW/°C 


720 mW 


N 


1150 mW 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN TYP MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Common-mode input voltage at any bus terminal, V|c (see Note 2) 


-7* 12 


V 


High-level input voltage, V|h 


D, DE, RE, CDE 


2 


V 


Low-level input voltage, V||_ 


D, DE, RE, CDE 


0.8 


V 


High-level output current, Iqh 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


0 70 


°C 



t The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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TRIPLE DIFFERENTIAL BUS TRANSCEIVER 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


l|=-18mA 


-1.5 


V 


Vo Output voltage 


io = o 


0 6 


V 


VoD1 Differential output voltage 


io = o 


1.5 5 


V 


v OD2 Differential output voltage 


R|_ = 54 £2, See Figure 1 


1.5 5 


V 


v OD3 Differential output voltage 


See Note 3 and Figure 2 


1.5 5 


V 


A I V od' Change in magnitude of differential output voltage* 


R|_ = 54 Q, See Figure 1 


±0.2 


V 


Voc Common-mode output voltage 


RL = 54 Q, See Figure 1 


3 

-1 


V 


, § * * , Change in magnitude of common-mode output 
AIV Od voifcg't 


R|_ = 54 Q, See Figure 1 


±0.2 


V 


lOZ High-impedance state output current 


Output disabled, 
Vcc = 5.25 V 


Vo=12V 


1 


mA 


V 0 = 7V 


-0.8 


l|H High-level input current, DE, EN, CDE 


V|H = 2.4 V 


20 


MA 


l||_ Low-level input current, DE, EN, CDE 


V|L-0.4V 


-200 


ma 


lOS Short-circuit output current 


Vo = 12V 


-250 


mA 


V 0 = 7V 


250 


Ice Supply current 


No load 


Outputs enabled 


48 72 


mA 


Outputs disabled 


30 48 



t All typical values are at Vcc = 5 V, and Ta = 25°C. 

$ A I V od 1 ar| d A I V oc' are tne changes in magnitude of Vqd and v OC> respectively, that occur when the input is changed from a high level to a low 
level. 

NOTE 3: This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. 



switching characteristics, Vqq = 5 V ±5%, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Differential propagation delay time, low- to high-level output 


RL = 54 Q, 


C|_ = 100 pF, 


8 


13 


22 


ns 


tPHL 


Differential propagation delay time, high- to low-level output 


See Figure 3 


8 


15 


22 


tPZH 


Output enable time to high level 




S1 bpen, 


30 


50 


60 




tPHZ 


Output disable time from high level 


RL = 110Q, 


S2 closed 


4 


16 


30 


ns 


tPZL 


Output enable time to low level 


See Figure 4 


S1 closed, 


16 


26 


45 


tPLZ 


Output disable time from low level 




S2 open 


4 


8 


20 
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TRIPLE DIFFERENTIAL BUS TRANSCEIVER 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


v l 1 + 


Positive-going input threshold voltage 


Vo = 2.7V, 


lO = -0.4 mA 


0.2 


V 


V|T- 


Negative-going input threshold voltage 


Vq = 0.5 V, 


Iq - 4 mA 


-0.2* 


V 


Vhvc 
w nys 


Hysteresis voltage (V|j+ - V|j_) 




50 


mV 


V|K 


Input clamp voltage, RE 


l|~18mA 


-1.5 


V 


VOH 


High-level output voltage 


Iqh = -0.4 mA 


2.4 


V 


vol 


Low-level output voltage 


Iql = 4 mA 


0.5 


V 


ioz 


High-impedance-state output current 


V<x = 5.25 V, 


Vo = 0.4 V to 2.4 V 


±20 


MA 


i| 


Line input current 


Other input at 0, 


V|-12V 


1 


mA 


See Note 3 


V| = 7V 


-0.8 


l|H 


High-level input current, RE 


V|h - 2.4 V 


20 


MA 


"IL 


Low-level input current, RE 


V| L = 0.4V 


-200 


ma 


n 


Input resistance 




12 


k£2 


«os 


Short-circuit output current! 


Vq = 0 


-15 




-130 


mA 


«cc 


Supply current 


No load 


Outputs enabled 




48 


72 


mA 


Outputs disabled 




30 


48 



t All typical values are at Vqc = 5 V and Ta = 25°C. 

t The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
§ Not more than one output should be shorted at one time. 

NOTE 3: This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. 



switching characteristics, Vqc = 5 V ±5%, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


See Figures 5 and 6 


13 


20 


37 


ns 


tPHL 


Propagation delay time, high- to low-level output 


13 


20 


37 


tPZH 


Output enable time to high level 




51 to 1.5 V, 

52 open, 

53 closed 


3 


9 


20 




tPHZ 


Output disable time from high level 


See Figures 5 and 7 


8 


15 


22 


ns 


tPZL 


Output enable time to low level 


S1to-1.5V, 

52 closed, 

53 open 


5 


10 


20 


tpZL 


Output enable time to low level 




5 


9 


16 
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PARAMETER MEASUREMENT INFORMATION 



VQD2 



_L 



Flgure 1. Driver Vqd and Vqc 



375 £2 

-AAA/ — | 



VqD3 £ 60 Q 



Vtest 



375 Q 

Figure 2. Driver Vqd3 



Cl = 100 pF 
(see Note B) 




input 

tPLH 

50%V O DM 

Output B 

VODM 
Output A 



.h— n k- , -»t H-< 

m i j I r 



ov 

tPHL 

50%V O DM 
VOH 



vol 



Figure 3. Driver Propagation Delay Times 



From Output 
Under Test 



CL = 50 pF 
(see Note 



T 
ST 



RL = 110Q 



S1 



S2 



Input y 
(see Notes A and C) / 1 .5 v 



S1 Closed 
S2 Open 
Output 1 
(see Note D) 



\h tpzL -*j 



1.5 v\_ 



2.3 V 



«5V | 



H" tpzH -M 
S1 Open \j 



Output 2 o 1 wpon \j 

(see Note D) S2 Closed / ^ 3 v 



Figure 4. Driver Enable/Disable Times 



«ov 



3V 

ov 



tPLZ-|* N S1 Closed 
I S2 Open 



tPHZ -M > 



/^v 

r r AT V OL 

0.5 V^- 0.5 V 



VOH 



51 Open 

52 Closed 



NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo - 50 t r < 1 0 ns, tf < 10 ns. 

B. C[_ includes probe and jig capacitance. 

C. Each enable is tested separately. 

D. Output 1 and output 2 are outputs with internal conditions such that the output is low or high except when disabled by the output 
control. 
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PARAMETER MEASUREMENT INFORMATION 
T f H 



CL = 15pF 
(see Note B) _L 



2 kQ 
-VA 5 V 



Input 



1.5 V 



3V 
•1.5V 

l> ov 



5kQ 



1N916or 
Equivalent 



tPLH -W k- -X k- tpHL 

I I 



\J >H V 

Output ^ i3 v V 



&- VOH 
V 

vol 



1.5 V 



-1.5 V 



Figure 5. Receiver Propagation Delay Times 



S1 



Generator 
(see Note A) 



50 a 



CL = 15pF^ 
(see Note B) 



2kQ S2^ 



5V 



1N916or 
Equivalent 



S3 



Input 



1.5 V 



3V 
0V 



Slat -1.5V U- tpzL -W t PLZ -U H Slat -1.5V 

S2 Closed | I I S2 Closed 
S3 Open 'I • I S3 Open 
1 d- 5V | |y T- 



Slat 1.5 V 
Output S2 Open 
S3 Closed 



0.5 V 



5 V 



«0V 



Slat 1.5 V 

52 Open 

53 Closed 



Figure 6. Receiver Enable/Disable Times 



VOH 



NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo - 50 Q, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 
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SN751730 

TRIPLE LINE DRIVER/RECEIVER 



SLLS062C - MAY 1990 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
IBM™ 360/370 Input/Output Interface 
Specification for 4.5 Mb/s Operation 
Single 5-V Supply 

Uncommited Emmltter-Follower Output 
Structure for Party-Line Operation 
Driver Output Short-Circuit Protection 
Driver Input/Receiver Output Compatible 
With TTL 

Receiver Input Resistance ... 7.4 
to 20 kQ 

Ratio Specification for Propagation Delay 
Time, Low-to-High/High-to-Low 



description 



The SN751730 triple line driver/receiver is 
specifically designed to meet the input/output 
interface specifications for IBM System 360/370. 
It is also compatible with standard TTL logic and 
supply voltage levels. 

The low-impedance emitter-follower driver 
outputs of the SN751730 drive terminated lines 
such as coaxial cable or twisted pair. Having the 
outputs uncommitted allows wired-OR logic to be 
performed in party-line applications. Output 
short-circuit protection is provided by an internal 
clamping network that turns on when the output 
voltage drops below approximately 2.5 V. 

An open line affects the receiver input as does a 
low-level input voltage. 

All the driver inputs and receiver outputs are in 
conventional TTL configuration and the gating can 
be used during power-up and power-down 
sequences to ensure that no noise is introduced to 
the line by pulling either DE1 or DE2 to a low level. 



D OR N PACKAGE 
(TOP VIEW) 




Function Tables 

EACH DRIVER 



INPUTS 


OUTPUT 


Dl 


DE1 


DE2 




DO 


L 


X 


X 




L 


X 


L 


X 




L 


X 


X 


L 




L 


H 


H 


H 




H 




EACH RECEIVER 






INPUT 


OUTPUT 






Rl 


RO 








L 


H 








H 


L 








Open 


H 







H = high level, L * low level, X = irrelevant 



logic symbolst 



DRIVER 



DE1 
DE2 

DM 

DI2 

DI3 

RI1 

RI2 
RI3 



14 



12 



10 



EN 



15 



13 



RECEIVER 



2 


> 


s 3 


4 


s 5 




6 




v 7 











D01 



D02 



D03 



R01 



R02 



R03 



t These symbols are in accordance with ANSI/I EE Std 91-1984 
and IEC Publication 617-12. 



IBM is a trademark of International Business Machines Corporation. 
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TRIPLE LINE DRIVER/RECEIVER 

SLLS062C - MAY 1 990 - REVISED MAY 1 995 



logic diagrams (positive logic) 

DRIVER 

DE1 



011 

DI2 

DI3 
DE2 



14 



12^1 ^ 13 



D01 
D02 
D03 



RI1 
RI2 
RI3 



RECEIVER 



R01 
R02 
R03 



equivalent schematics of driver and receivert 



DRIVER 



vcc 



2.5 il 




t All resistor values are nominal. 
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SN751730 

TRIPLE LINE DRIVER/RECEIVER 



SLLS062C - MAY 1990 - REVISED MAY 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage range, Vj: Driver -0.5 V to 7 V 

Receiver -0.5 V to 7 V 

Output voltage range, Vq: Driver -0.5 V to 7 V 

Enable input voltage range -0.5 V to 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T st g -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1o inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25°C 


T A = 70°C 
POWER RATING 


D 


950 mV 


7.6 mW/°C 


608 mW 


N 


1150 mV 


9.2 mW/°C 


736 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, Vm 


Driver, Enable 


2 


V 


Receiver 


1.55 


Low-level input voltage, Vj[_ 


Driver, Enable 


0.8 


V 


Receiver 


1.15 


Operating free-air temperature, Ta 


0 70 
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TRIPLE LINE DRIVER/RECEIVER 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIM MAY 


UNIT 


V|K Input clamp voltage 


Vcc = 4 - 7 5 v . l|L = -18mA 


-1.5 


V 


Voh High-level output voltage 


Vcc = 4.75 V, V|H = 2V, 
IOH = -59.3 mA T A = 25°C 


3.11 


v 


Vcc - 5.25 V, V|H = 2V, 
Iqh - -78.1mA 


4.10 


Vcc = 4.75 V, V|H*2V, 
RL = 51.4£2 


3.05 


Vcc = 5.25 V, V|H = 2 V, 
RL - 56.9 £2 


4.20 


VodH Differential high-level output voltage 


RL = 46.3 Q or 56.9 Q 


0.50 


V 


Vql Low-level output voltage 


Vcc = 5.25 V, 
V|L = 0.8V, 
V|H = 4.5 V 


Iql - -0-24 mA 


0.15 


V 


RL - 56.9 Q 


0.15 


l|H High-level input current 


Dl 


Vcc = 5.25 V, V|H = 2.7V 


20 


HA 


DE 


60 


1 1 1_ Low-level input current 


Dl 


Vcc = 5.25 V, V|H = 0.4V 


-400 


UA 


DE 


-1200 


'OH High-level output current 


VCC = 4 - 7 5 V, 
V 0 H = 5V 


V, L = 0 


100 


ma 


VlH - 4 5 V 


100 


Iqs Short-circuit output currentt 


Vcc = 5.25 V 


V|H - 4.5 V 


-30 


mA 


ICCH 


Supply current (total package) 


V C C - 5.25 V, 
No load 


V|( D )-4.5V, 
V|(R)-0 


47 


mA 


'CCL 


V|(D) - 0, 
V|( R) -4.5V 


80 



t No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 



switching characteristics, Vqc = 5 V ±5%, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*PLH Propagation delay time, low- to high-level output 


RL = 47.5 Q, See Figure 1 


6.5 12 18.5 


ns 


tPHL Propagation delay time, high- to low-level output 


6.5 12 18.5 


ns 


Atpd Differential propagation delay time* 


10 


ns 


t r Output rise time 


Vcc - 5 V, Vo = 0.15 V to 3.05 V, 
RL = 47.5 0, CL=10.2pF, 
See Figure 1 


5 10 


ns 


tf Output fall time 


5 13 


ns 


SR Slew rate 


Vq = 1 V to 3 V average, 

RL = 47.5U CL-10.2pF, 

See Figure 1 


0.65 


V/ns 



*Atpd = ltpLH-tpHlJ 
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TRIPLE LINE DRIVER/RECEIVER 

SLLS062C - MAY 1990 - REVISED MAY 1995 

RECEIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level output voltage 


Vqc = 4.75 V, V| = 1.15 V, 
lOH^-^OOnA 


O 7 


v 


Vol Low-level output voltage 


Vcc - 4 - 7 5 V, 
V| H = 1.55 V 


lOL = 8 mA 


0.5 


V 


IQL ■ 4 mA 


. 0.4 


r| Input resistance 


Vcc = 0. V| = 0.15 V to 3.9 V 


7.4 20 


kft 


l|H High-level input current 


Vcc -4.75 V, V| H = 3.11V 


0.42 


mA 


1 1 1_ Low-level input current 


Vcc = 5.25 V, V|l = 0.15 V 


-0.24 0.04 


mA 


Iqs t Short-circuit output current 


V C C -5.25 V, V| L = 0 


-20 -100 


mA 


'CCH 


Supply current (total package) 


Vcc = 5.25 V, 
No load 


V|(D) = 4.5V, 
V|(R) = 0 


47 


mA 


«CCL 


V|(D) = 0, 
V|(R)-4.5V 


80 



t Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

switching characteristics, V cc = 5 V ±5%, T A = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


R[_ = 2 kU Cl = 15 pF, See Figure 2 


7.5 12 19.5 


ns 


tPHL Propagation delay time, high- to low-level output 


7.5 12 19.5 


ns 


Atpd* Differential propagation delay time 


10 


ns 



*Atpd = ltp|_H-tpHlJ 
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TRIPLE LINE DRIVER/RECEIVER 
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PARAMETER MEASUREMENT INFORMATION 

Vcc = 5V 




Input /1.3 V \l-3V 

_A- t w — JN — 



# — Output 



m 



i 

tPLH -M — N 



3V 
0 V 



R L = 47.5 Q -J=- Ci 

^ (see Note B) 0ut P ut 14 V 



■A 



« — tpHL 

|3.05V Vqh 



l\l.4V 
I \ 0.15 V 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: Zq - 50 Q, t w < 500 ns, PRR < 1 MHz, tf < 6 ns, t r < 1 5 ns. 
B. Cl includes probe and jig capacitance. 

Figure 1. Driver Test Circuit and Voltage Waveforms 



vol 



Pulse 
Generator 
(see Note A) 



Vcc = 5 V 

a 



Input 

m 



CL = 15pF 
(see Note B) 



TEST CIRCUIT 




R|_ = 2 kX2 
Output 

1N3064X2 



Input 



Output 



/l.4V Vl 
—J\k t w — V \ 

\ 1.3 V 



tPHL H+-+I 



3V 

> ov 



tPLH 

VOH 

1.3 V 

vol 




VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: Zq - 50 Q, t w < 500 ns, PRR <> 1 MHz, tf < 1 0 ns, t r £ 1 0 ns. 
B. Cl includes probe and jig capacitance. 

Figure 2. Receiver Test Circuit and Voltge Waveforms 
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SN75LV4735 

3.3-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER 



SLLS135E - FEBRUARY 1992 - REVISED MAY 1995 



Meets or Exceeds the Requirements of 
ANSI EIA/TIA-232-E and ITU V.28 
Operates With Single 3.3-V Power Supply 
LinBiCMOS™ Process Technology 
Three Drivers and Five Receivers 
±30- V Input Levels (Receiver) 

ESD Protection on RS-232 Lines Exceeds 
6 kV Per MIL-STD-883C, Method 3015 

Applications 

EIA/TIA-232 Interface 

Battery-Powered Systems 

Notebook PC 

Computers 

Terminals 

Modems 

Voltage Converter Operates With Low 
Capacitance . . . 0.47 liF Min 

Functionally Compatible With the 
SN75LV4737A 



DB PACKAGE 
(TOP VIEW) 



VddL" 1 

C2+[ 2 

Vccf 3 
C2-[ 4 
GND[ 5 
C1+[ 6 
DIN1 [ 7 
DIN2[ 8 
DIN3[ 9 
R0UT1[ 10 
ROUT2[ 11 
ROUT3[ 12 
ROUT4[ 13 
ROUT5[ 14 



28]C3 + 
27 ] GND 
26 ] C3- 
25 ] V S s 
24 ] C1 - 
23 ] STBY 
22 ] DOUT1 
21 ] DOUT2 
20 ] DOUT3 
19 ] RIN1 
18 ] RIN2 
17 ] RIN3 
16 ] RIN4 
15 ] RIN5 



t The DB package is only available in left-end taped and 
reeled (SN75LV4735DBLE). 



description 



The SN75LV4735t is a low-power 3.3-V multichannel RS-232 line driver/receiver. It includes three independent 
RS-232 drivers and five independent RS-232 receivers. It is designed to operate off a single 3.3-V supply and 
has an internal switched-capacitor voltage converter to generate the RS-232 output levels. The SN75LV4735 
provides a single chip, single 3.3-V supply interface between the asynchronous communications element (ACE 
or UART) and the serial-port connector of the data terminal equipment (DTE). This device has been designed 
to conform to standard ANSI EIA/TIA-232-E. 

The switched-capacitor voltage converter of the SN75LV4735 uses five small external capacitors to generate 
the positive and negative voltages required by EIA/TIA-232-E line drivers from a single 3.3-V input. The drivers 
feature output slew-rate limiting to eliminate the need for external filter capacitors. The receivers can accept ±30 
V without damage. 

The device also features a reduced power or standby mode that cuts the quiescent power to the integrated 
circuits when not transmitting data between the CPU and peripheral equipment. The STBY input is driven high 
for standby (reduced power) mode and driven low for normal operating mode. When in the standby mode, all 
driver outputs (DOUT1-3) and receiver outputs (ROUT1-5) are in the high-impedance state. If the standby 
feature is not used in an application, STBY should be tied to GND. 

The SN75LV4735 has been designed using LinBiCMOS™ technology and cells contained in the Texas 
Instruments LinASIC™ library. The SN75LV4735 is characterized for operation from 0°C to 70°C. 



t Patent-pending design 

LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated. 
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logic diagram (positive logic) 

m IS^ m 



logic symbolt 



STBY 
C1+ 



23 



C2+ - 
C2-- 
C3+ - 



RIN1 
RIN2 
RIN3 
RIN4 
RIN5 
DIN1 
DIN2 
DIN3 



28 



C3- 26 X 



vcc 

A- 



[PWR DOWN] 
C1+ 
C.1- 
C2+ 
C2- 
C3+ 
C3- 



9.5 V 



-8V 



19 


i r 


JT 


18 


JT 


17 


JT 


16 


JT 


15 


JT 


' -IS 


> 


« N 


> 


y IS 


is 



5,27 



V D D 



25 



s 


11 




12 


V.. 


13 


is 


14 




22 


— 


21 




20 



v S s 



R0UT1 
R0UT2 
R0UT3 
R0UT4 
R0UT5 
D0UT1 
D0UT2 
D0UT3 



GND 

t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 



RIN1 
RIN2 

RIN3 — 
RIN4 — 
RIN5 



J2- R0UT1 
R0UT2 



-I^O— ■ — R0UT3 
-J^O— — R0UT4 
— J^O— — ROUT5 
DIN1 — 22 DOUT1 

DIN2 — — — DOUT2 
DIN3 -£-^0— — DOUT3 

VDD, v ss . 



vcc — 

STBY — 



25| 



Switched- 
Capacitor 
Circuit 



Function Tables 



EACH DRIVER 



INPUTS 


OUTPUT 


DIN STBY 


X H 


Z 


L L 


H 


H L 


L 


Open L 


L 



EACH RECEIVER 



INPUTS 


OUTPUT 


RIN STBY 


X H 


Z 


L L 


H 


H L 


L 


Open L 


H 



H = high level, L = low level, X = irrelevant, Z = high impedance (off) 
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schematics of inputs and outputs 



EQUIVALENT OF STBY INPUT 



Input 



-VW 



f 

vss 




— v cc 



GND 



EQUIVALENT OF RECEIVER INPUT 



REC IN VW 




vcc 



GND , 



EQUIVALENT OF DRIVER INPUT 



Input 




~V CC 



f *U£ 

V S S I *- GND 



TYPICAL OF ALL DRIVER OUTPUTS 



7 



f- V DD 



4 — VW- DOUT 

300 Q 



4 v S s 



TYPICAL OF ALL RECEIVER OUTPUTS 
V CC 



REC OUT 



J|— o 



4 GND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc ■ • • • — — 4 V 

Positive output supply voltage, Vqd (see Note 1 ) 15 V 

Negative output supply voltage, V$s -15V 

Input voltage range.V,: DIN1-DIN3, STBY -0.3 V to 7 V 

RIN1-RIN5 -30 V to 30 V 

Output voltage range, V 0 : DOUT1-DOUT3 V S s - 0.3 V to V DD + 0.3 V 

ROUT1-ROUT5 -0.3 V to 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to network GND. 

DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


DB 


668 mW 


5.3 mW/°C 


430 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


3 3.3 3.6 


V 


Positive output supply voltage, Vqd 


8 10 


V 


Negative output supply voltage, Vss 


-7 -8 


V 


Input voltage, V| (see Note 2) 


RIN(1-5) 


±30 


V 


High-level input voltage, Vm 


DIN(1-3), STBY 


2 


V 


Low-level input voltage, V|i_ 


0.8 


External capacitor 


0.47 1 


|iF 


Operating free-air temperature, Ta 


0 70 


°C 


NOTE 2: The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only. For example, if -1 0 V is a maximum, the typical value is a more negative voltage. 

supply currents 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


. Supply current from Vqc (normal operating 
cc mode) 


No load, STBY at OV, 
All other inputs open 


8.5 20 


mA 


'CC(SB) Supply current (standby mode) 


No load, STBYatVcc. 
All other inputs open 


10 


MA 
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DRIVER SECTION 



electrical characteristics over operating free-air temperature range, V cc = 3.3 V ±0.3 V (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output voltage 


RL = 3 kQ 


5.5 7 


V 


Vql Low-level output voltage (see Note 2) 


R[_ = 3 kQ 


-5.5 -5 


V 


l|H High-level input current 


V|atV C C 


1 


MA 


l|L Low-level input current 


STBY 


V| at QND 


-1 


ma 


Other inputs 


V| at GND 


-10 


ma 


'OS(H) High-level short-circuit output current (see Note 3) 


V G C = 3.6V, V O = 0 


-10 -20 


mA 


'OS(L) Low-level short-circuit output current (see Note 3) 


V C C = 3.6 V, V O = 0 


10 20 


mA 


ro Output resistance 


V CC = V DD = Vss = °- 

Vo = -2Vto2V, SeeNote4 


300 


Q 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

NOTES: 2. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only. 

3. Not more than one output should be shorted at one time. 

4. Test conditions are those specified by EIA/TIA-232-E. 



switching characteristics, Vcc = 3-3 V ±0.3 V, Ta = 0°C to 70°C 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


*PLH Propagation delay time, low- to high-level output 


RL = 3 kQ to GND, Cl 50 pF, 
See Figure 2 


200 400 600 


ns 


*PHL Propagation delay time, high- to low-level output 


100 200 350 


ns 


tpzL Output enable time to low level (see Note 5) 


RL = 3 kfl to GND, Cl = 50 pF, 
See Figure 3 


3 7 


ms 


tpzH Output enable time to high level (see Note 5) 


1 5 


ms 


tPHZ Output disable time from high level (see Note 5) 


1 3 


ps 


*PLZ Output disable time from low level (see Note 5) 


0.5 3 


MS 


SR Output slew rate (see Note 6) 


RL = 3 kQ to 7 kQ, Cl « 50 pF, 
See Figure 2 


3 30 


V/ms 


SR(tr) Transition-region slew rate 


R|_ = 3 kQ to GND, Cl = 2500 pF, 
See Figure 4 


3 


V/ms 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

NOTES: 5. Output enable occurs when STBY is driven low. Output disable occurs when STBY is driven high. 

6. Measured between 3-V and -3-V points of output waveform (EIA/TIA-232-E conditions); all unused inputs are tied either high or 
low. 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V|T + 


Positive-going input threshold voltage 






2.2 


2.6 


V 


V|T- 


Negative-going input threshold voltage 




0.6 


1 




V 


Vhvs 


Input hysteresis voltage (V|t+ - V|j_) 




0.5 


1.2 


1.8 


V 


V 0 H 


High-level output voltage 


Iqh a - 2 mA > See Note 7 


2.4 


2.6 




V 


vol 


Low-level output voltage 


lOL = 2 mA 




0.2 


0.4 


V 


n 


Input resistance 


V| = ±3Vto±25V 


3 


5 


7 





t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

NOTE 7: If the inputs are left unconnected, the receiver interprets this as an input low, and the receiver outputs remain in the high state. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


tPLH 


Propagation delay time; low- to high-level output 


R L = 


3 kQ to GND, See Figure 5 


45 


80 


130 


ns 


tPHL 


Propagation delay time, high- to low-level output 


70 


100 


170 


ns 


*PZL 


Output enable time to low level (see Note 5) 








160 


250 


ns 


tPZH 


Output enable time to high level (see Note 5) 


R L = 


3 kQ to GND, See Figure 6 




4 


10 


MS 


tPHZ 


Output disable time from high level (see Note 5) 




300 


500 


ns 


tPLZ 


Output disable time from low level (see Note 5) 








140 


200 


ns 



t All typical values are at Vqc = 3.3 V, Ta = 25 e C. 

NOTE 5: Output enable occurs when STBY is driven low. Output disable occurs when STBY input is driven high. 
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APPLICATION INFORMATION 

C1 



C4 



C2 : 



5V 



JT 



DIN1 (TTL In) 



DIN2 (TTL In) 



DIN3 (TTL In) 



ROUT1 (TTL Out) 



10 



ROUT2(TTLOut) 



11 



ROUT3 (TTL Out) 



ROUT4 (TTL Out) 



ROUT5(TTLOut) 



12 



13 



14 



V D D 

C2+ 

vcc 

C2- 



QND 

C1 + 
V CC 



C3+ 
GND 
C3- 

vss 

C1- 
STBY 



Vcc 



— VW- 



v cc 



~^>0 WV- 



h-^O — vw- 

<h— 



28 



27 



26 



C3 



05 

25 _|| + 



1 



24 



23 



Mode 
Control 
Logic 



22 



21 



20 



19 



18 



17 



16 



15 



DOUT1 (EIA/TIA-232 0ut) 



DOUT2 (EIA/TIA-232 Out) 



DOUT3 (EIA/TIA-232 Out) 



RIN1 (EIA/TIA-232 In) 



RIN2 (EIA/TIA-232 In) 



RIN3 (EIA/TIA-232 In) 



RIN4 (EIA/TIA-232 In) 



RIN5 (EIA/TIA-232 In) 



Figure 1. Typical Operating Circuit 
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PARAMETER MEASUREMENT INFORMATION 

Input 



Generator 
(see Note A) 



; 50 Q 



ov 



TEST CIRCUIT 



Output 
(EIA/TIA-232) 



Cl = 50 pF 
(see Note B) 



50% 50% 
(4 5 jis 



3V 
0V 



tTHL-*} |4- 



tTLH 



Output 




VOLTAGE WAVEFORMS 



SR: 



0.8(VQH-VOL ) 0.8(Vql-Voh) 



tTLH w tTHL 

Figure 2. Driver Test Circuit and Voltage Waveforms, Slew Rate at 5-lis Input 



3VorOV 



Generator 
(see Note A) 



Input 



1.5 V 



Cf*> 



nl— X 



3 V 



50 Q 



Output 
(EIA/TIA-232) 



C|_ = 50 pF 

(see Note B) Output 



J L 



tPHZ-^ *- tPZH "^[_f" 



5V 




0V 



VOH 



■ i V i 1 % n * 



Output 



i: 5 _ v _ 



TEST CIRCUIT 

VOLTAGE WAVEFORMS 

Figure 3. Driver Test Circuit and Voltage Waveforms 




vol 



-5V 



Generator 
(see Note A) 



50 Q 



Rl 



ov 



TEST CIRCUIT 



Output 
(EIA/TIA-232) 



Cl = 2500 pF 
(see Note B) 



Input 



1.5 V 1.5 V 



20 MS 

tTHL-*! N~ -H 



tTLH 



Output 



-3 v\ i£r.3V_ . 



VOLTAGE WAVEFORMS 



3V 
0 V 

\ 

VOH 

vol 



SR: 



6V 



tTHL or tTLH 

Figure 4. Driver Test Circuit and Voltage Waveforms, Slew Rate at 20-lis Input 

NOTES: A. The pulse generator has the following characteristics: 50% duty cycle, t r < 10 ns, tf » 10 ns. 
B. C|_ includes probe and jig capacitance. 
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Generator 
(see Note A) 



3VorOV 



Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 



50 Q 



to 

R L < 



0 V 

TEST CIRCUIT 



Output 



50% 



50%S^ 



500 ns 



3V 
0V 



Cl = 50 pF 
(see Note B) 



tPHL~i<-+j 



tPLH 



Output 



1.5v\ ^ j /f 1.5V 



VOH 

1.5 V 

• vql 



VOLTAGE WAVEFORMS 

Figure 5. Receiver Test Circuit and Voltage Waveforms 

Input 



v C c 

A 



1.5 V "^1.5 V 



tPHz->| k- 

S1 at GND ! | 



25 pa >| 



3V 
0V 



Cl = 50 pF 
(see Note B) 



GND 



Output 



FA 



50 Q 



0.3 V 

— N rt-tpLZ 
0.3 V | S1 atVpc 



Output 



Si at GND 



VOH 



1.5 V 



vol 



TEST CIRCUIT 



S1 atVcc 



VOLTAGE WAVEFORMS 

Figure 6. Receiver Test Circuit and Voltage Waveforms Enable and Disable Times 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, 50% duty cycle, t r < 10 ns, tf = 10 ns. 
B. Cl includes probe and jig capacitance. 
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I • Single-Chip and Single-Supply Interface for 
I IBM PC/AT Serial Port 
I • Meets or Exceeds the Requirements of 

EIA/TIA-232-E and ITU v. 11 Standards 
I • Operates With 3.3-V or 5-V Supplies 

• One Receiver Remains Active During 
Standby (Wake-Up Mode) 

• Designed to Operate at 128 kbits Over a 
3-m Cable 

• Low Standby Current . . . 5 llA Max 

• ESD Protection on RS-232 Pins Meets or 
Exceeds 4 kV (HBM) and 1.5 kV (HBM) on 
All Pins Per MIL-STD-883C, Method 3015 

• External Capacitors . . . 0.1 liF 

(Vqc = 3.3 V Five External Capacitors) 
(Vqc = 5 V Four External Capacitors) 

• Packaged in Shrink Small-Outline Package 
With 25-Mil Terminal Pitch and Maximum 
2-mm Height (SSOP) 

• Accepts 5-V Logic Input With 3.3-V Supply 

• Pin Compatible With the SN75LV4735 

• Applications 

EIA/TIA-232 Interface 
Battery-Powered Systems, PDAs 
Notebook, Laptop, and Palmtop PCs 
External Modems and Hand-Held 
Terminals 

description 

The SN75LV4737A : l : consists of three line drivers, five line receivers, and a charge-pump circuit. It provides the 
electrical interface between an asynchronous communication controller and the serial-port connector and 
meets the requirements of EIA/TIA-232-E. This combination of drivers and receivers matches those needed for 
the typical serial port used in an IBM PC/AT or compatibles. The charge pump and five small external capacitors 
allow operation from a single 3.3-V supply and four capacitors for operation from a 5-V supply. 

The device has flexible control options for power management when the serial port is inactive. A common 
disable for all of the drivers and receivers is provided with the active-high STBY input. The active-low EN input 
is an enable for one receiver to implement a wake-up feature for the serial port. All the logic inputs can accept 
signals from controllers operating from a 5-V supply even though the SN75LV4737A is operating from 3.3 V. 

The SN75LV4737A is characterized for operation over the temperature range of 0°C to 70°C. 



DB PACKAGEt 
(TOP VIEW) 



V DDL 


u 

1 


28 


J OO T 




2 


27 


J VaiNL» 


v ccL 


3 


26 


J Uo— 


C2-[ 


4 


25 


]v ss 


EN[ 


5 


24 


]C1- 


C1+[ 


6 


23 


] STBY 


DIN1 [ 


7 


22 


] DOUT1 


DIN2[ 


8 


21 


] DOUT2 


DIN3[ 


9 


20 


] DOUT3 


ROUT1 [ 


10 


19 


]RIN1 


ROUT2[ 


11 


18 


] RIN2 


ROUT3[ 


12 


17 


] RIN3 


ROUT4[ 


13 


16 


] RIN4 


ROUT5[ 


14 


15 


]RIN5 


t The DB package is only available in 



left-ended tape and reel (order part 
number SN75LV4737ADBLE). 



t Patent-pending design 



PRODUCTION DATA Information Is current as of publication 
Products conform to specifications per the terms of Texas 
standard warranty. Production processing does not necessarily Ir 
testing of all parameters. 
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Function Tables 



EACH DRIVER 



EACH RECEIVER 



INPUTS 


OUTPUTS 


DIN STBY 


DOUT 


X H 


Z 


L L 


H 


H L 


L 


Open L 


L 



INPUTS 


OUTPUTS 


STBY EN RIN5 RIN1-RIN4 


ROUT5 ROUT1 -ROUT4 


H H X X 
H L H X 
H L L X 
L X L L 
L X H H 


Z Z 
L Z 
H Z 
H H 
L L 



H = high level, Low = low level, X = irrelevant, Z = high impedance (off) 

logic diagram (positive logic) 

DIN1 7 IN^ 22 



DIN2 

DIN3 

RIN1 

RIN2 
RIN3 

RIN4 

RIN5 
STBY 

EN 



8 



19 



18 



17 



16 



15 



23 



21 



20 



10 



11 



12 



13 



14 



DOUT1 



DOUT2 



DOUT3 



ROUT1 



ROUT2 



ROUT3 



ROUT4 



ROUTS 
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schematics of inputs and outputs 



STBY AND EN INPUTS 

f v cc 



Input 




GND 



TYPICAL RECEIVER INPUTS 



h- O | — 1 1 — O I — 1 1 — i 



Input 



Vcc 




GND 



TYPICAL DRIVER INPUTS 




vcc 



Input 









PS 


> 1 

> < 


K 


< 






< 


• I h-H 


1 Ih- 



GND 



TYPICAL OF ALL DRIVER OUTPUTS 



vdd 



+ — VW 

300 Q 



Output 



v ss — •- 



GND 




TYPICAL OF ALL 
RECEIVER OUTPUTS 



vcc — 



5 



3 Output 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vcc 7V 

Positive output supply voltage, Vdd ( see Note 1 ) ■ • 15V 

Negative output supply voltage, Vss -15V 

Input voltage range, V|: Driver -3Vto7V 

Receiver -30 V to 30 V 

Output voltage range, Vq: Driver Vss - °- 3 v t0 V DD + °- 3 v 

Receiver -0.3 V to 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 0 seconds 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to network GND. 
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DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70<»C 
POWER RATING 


DB 


668 mW 


5.3 mW/°C 


430 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage 


V C C = 3.3V 


3 3.3 3.6 


V 


Vcc = 5V 


4.5 5 5.5 


V 


Driver high-level input voltage, Vm 


V C C = 3.3V 


DIN, EN, STBY 


2 


V 


V C C = 5V 


DIN 


2 


EN, STBY 


2.5 


Driver low-level input voltage, V||_ 


DIN, EN, STBY 


0.8 


V 


Receiver input voltage, V| 




±30 


V 


External capacitor 


3.3-V operation (C1 , C2, C3, C4, C5), 

5-V operation (C1 , C3, C4, C5), See Note 2 and Figures 6 and 7 


0.1 




Operating free-air temperature, T A 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 6 and 7) 


PARAMETER 


TEST CONDITIONS 


Vcc = 3.3V 


V C C = 5V 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


Vqd Positive supply voltage 


No load 


8 10 


7 8.7 


V 


V SS Negative supply voltage 


No load 


-9.5 -7 


-8 -6 


V 


l| Input current (EN, STBY) 


See Notes 3 and 4 


±2 


±2 


HA 


>CC 


Supply current 


No load, 
Inputs open 


STBY at GND, 
ENatVcc or GND 


8.4 10 18 


10 12 20.7 


mA 


Supply current (standby mode) 
(see Note 3) 


EN, STBYatVcc 


5 


5 




Supply current (wake-up mode) 
(see Note 4) 


EN at GND, 
STBYatVcc 


10 


10 


HA 



t All typical values are at Vcc = 3.3 V or Vqc = 5 V and Ta = 25°C. 
NOTES: 2. C2 is only needed for 3.3-V operation. 



3. When STBY mode is not used, STBY input must be taken low. 

4. When wake-up mode is not used, EN input must be taken high. 
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DRIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


VOH 


High-level output voltage 


RL - 3 kQ 


5.5 


7 




V 


vol 


Low-level output voltage 


R|_ = 3 kQ 


-6 -5 


V 


l|H 


High-level input current 


V| * V C C 


1 


MA 


IlL 


Low-level input current 


V| at GND 


-10 


MA 


'OS 


Short-circuit output current (see Note 5) 


VCC-3.6V, 


Vq = 0 V 




±15 


±40 


mA 


Vcc = 5.5 V, 


Vq = 0 V 




•o 


Output resistance 


v cc = Vdd * v ss = 


0 V, Vq - ±2 V 


300 


500 




Q 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


tPLH 


Propagation delay time, low- to high-level output 


C L = 50 pF, 

R|_ = 3 kQ to 7 kQ, 

See Figure 1 


Vcc -3.3 V 


100 


500 


850 


ns 


V C C = 5V f 


100 


500 


850 


ns 


tPHL 


Propagation delay time, high- to low-level output 


V C C = 3.3 V 


100 


500 


850 


ns 


V C C = 5V 


100 


500 


850 


ns 


tPZH 


Output enable time to high level 


C|_ = 50 pF, 


RL - 3 kQ to 7 kQ, 


1 5 


ms 


tpZL 


Output enable time to low level 


See Figure 2 




3 


7 


ms 


tPHZ 


Output disable time from high level 


Cl = 50 pF, 

RL = 3 kQ to 7 kQ, 

See Figure 2 


V C C = 3.3 V 




0.9 


3 




Vcc - 5 V 




0.6 


3 


US 


tPLZ 


Output disable time from low level 


VCC - 3.3 V 




0.5 


3 


Vcc = 5V 




0.3 


3 




SR 


Slew rate 


C|_ = 50 pF, 
See Figure 1 


R[_ = 3 kQ to 7 kQ, 


4 




30 


V/us 


SR(tr) 


Slew rate, transition region 


C L = 2500 pF, 
See Figure 3 


RL = 3 kQ to 7 kQ, 


3 




30 


V/jis 



t All typical values are at Vcc = 3.3 V or Vcc = 5 V and T/\ - 25°C. 

NOTE 5: Short-circuit durations should be controlled to prohibit exceeding the device absolute power dissipation ratings and not more than one 



output should be shorted at a time. 
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RECEIVER SECTION 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPT 


MAX 


UNIT 


VOH 


High-level output voltage 


Iqh - -2 mA 


3.3 V 


2.4 


3 




V 


5V 


3.5 


5 




V 


vol 


Low-level output voltage 


lOL = 2 mA 




0.2 


0.4 


V 


V|T + 


Positive-going input threshold voltage 






2.2 


2.6 


V 


V|T- 


Negative-going input threshold voltage 




0.6 


1 




V 


v hvs 


Input hysteresis (V|t+ - V| j„) 




0.5 


1.2 


1.8 


V 


n 


Input resistance 


V| =±3 Vto±25 V 


3 


5 


7 


kQ 



t All typical values are at V<x = 3.3 V or Vqc = 5 V and Ta = 25°C. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF, R|_ = 3 kQ to GND 



PARAMETER 


TEST CONDITIONS 


vcc 


= 3.3V 




V CC = 5V 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


tPLH 


Propagation delay time, low- to high-level 
output 




10 


70 


200 


10 


70 


200 


ns 


tPHL 


Propagation delay time, high- to low-level 
output 


See Figure 4 


10 


60 


200 


10 


55 


200 


ns 


tPLH 


Propagation deiay time, low- to high-level 
output (wake-up mode) 




40 


200 




40 


200 


MS 


tPHL 


Propagation delay time, high- to low-level 
output (wake-up mode) 






90 


500 




70 


500 


ns 


tPZH 


Output enable time to high level 






3 


10 




1.2 


10 


US 


tpZL 


Output enable time to low level 


See Figure 5 




100 


250 




60 


250 


ns 


tPHZ 


Output disable time from high level 


100 


200 


600 


100 


150 


600 


ns 


*PLZ 


Output disable time from low level 






130 


250 




60 


250 


ns 



Texas 
Instruments 

2~1 006 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN75LV4737A 

3.3-V/5-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER 



SLLS178A- APRIL 1994- REVISED NOVEMBER 1994 



Generator 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

Input 



; 50 Q 



Rl 



ov 

-L STBY 



TEST CIRCUIT 



EIA-232 

Output 

Cl = 50 pF 
(see Note B) 



Output 




VOLTAGE WAVEFORMS 



SR ■ 



08V ( v oh- v ol) ^°- 8V ( v ol - v oh) 



l TLH { THL 

Figure 1. Driver Propagation Delay Times and Slew Rate (5-jis input) 



3 v or o v 



Generator 
(see Note A) 



50 a 



STBY 



EIA-232 
Output 



Input 



1.5 V 



J L 



3V 
0V 



tPHZ-J W" ,PZH -*l f~ 

JL. C L = 50pF Li L-J |_ v 0H 

~ (see Note B) output [\ 5V ' ' 1 ~ 



t P LZ-»j K~ 

[J "~ 

Output + -5V 



-X L_J 1_ 



l«_ tl 5V 



TEST CIRCUIT 

VOLTAGE WAVEFORMS 

Figure 2. Driver Enable and Disable Test Times 




- vol 

5V 



Generator 
(see Note A) 



50 Cl 



Rl : 



EIA-232 

Output 

_L Cl = 2500 pF 
(see Note B) 



Input 



0V 

STBY ± ± 



1.5 V 1.5 V 



3V 
0V 



|4 20 ms ^ 



TEST CIRCUIT 



SR(tr) = 



Output 



6 V 
*THL or *TLH 




VOLTAGE WAVEFORMS 



Figure 3. Driver Transition Times and Slew Rate (20-lis input) 

NOTES: A. The pulse generator has the following characteristics: Zo = 50 Cl, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. C|_ includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION 



Generator 
(see Note A) 



3VorOV 



3VorOV 
EN 



50 Q 



Input 



1.5 V 



ov 

STBY ~± -± 



Output 



Cl = 50 pF 
(see Note B) 



Output 



\4 500 ns 

I I I 

tpHL 

\ ^50% 50% j f 



3V 
0V 



tPLH 
\j V OH 

vol 



TEST CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Receiver Propagation Delay Times 



3VorOV 
EN 



vcc 



Input 



STBY 



Generator 
(see Note A) 



f^i Vl.5V 
— (\4 25 ns— J> 



3V 
0V 



C L = 50 pF 
(see Note B) 



S1 

GND 



tpHZ N 
(Slat GND) I | 



-f f\^50% 



50 a 



Output 

0.3 V I 

— H 14-tpLZ 
0.3 V j (Slat Vqc) 

Output i 4 50% 



tpZH 
(Slat GND) 



y/50%" 



VOH 



\50% 




vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 

Figure 5. Receiver Enable and Disable Times 



tPZL 

(Slat V CC ) 



NOTES: A. The pulse generator has the following characteristics: PRR * 1 MHz, Z§ = 50 Q, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns. 
B. Cl includes probe and jig capacitance. 
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APPLICATION INFORMATION 



C1 

+ 1 1 — 



vcc 



C4 



C2 : 



Mode- 
Control 
Logic 



DIN1 (TTL in) 



DIN2 (TTL in) 



DIN3 (TTL in) 



ROUT1 (TTL out) 



10 



ROUT2 (TTL out) 



11 



ROUT3 (TTL out) 



12 



ROUT4 (TTL out) 



13 



ROUT5 (TTL out) 



14 



V D D 
C2+ 

vcc 

C2- 



EN 
C1 + 

vcc 



C3+ 
GND 
C3- 

V S S 
C1- 
STBY 



— vw- 
-^o — vw- 



r-^O WV- 



28 



27 



26 



See Note 6 



C3 



25 _ 



C5 



1 



24 



23 



Mode- 
Control 
Logic 



22 



21 



20 



19 



18 



17 



16 



15 



DOUT1 (EIA-232 out) 



DOUT2 (EIA-232 out) 



DOUT3 (EIA-232 out) 



RIN1 (EIA-232 in) 



RIN2 (EIA-232 in) 



RIN3 (EIA-232 in) 



RIN4 (EIA-232 in) 



RIN5 (EIA-232 in) 



NOTE 6: C1 = C2 = C3 = C4 = C5 = 0.1 jllF 

Figure 6. Typical 3.3-V Operating Circuit 



Texas 
Instruments 

POST OFFICE BOX 656303 • DALLAS, TEXAS 75265 



2-1009 



SN75LV4737A 

3.3-V/5-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER 



SLLS178A- APRIL 1994- REVISED NOVEMBER 1994 



vcc 



APPLICATION INFORMATION 



C1 

+ 1 1 - 



C4 



Mode- 
Control 
Logic 



DIN1 (TTL in) 



DIN2 (TTL in) 



DIN3 (TTL in) 



ROUT1 (TTL out) 



ROUT2 (TTL out) 



ROUT3 0TL out) 



ROUT4 (TTL out) 



10 



11 



12 



13 



ROUT5 (TTL out) 



14 



V D D 
C2 + 

vcc 

C2- 



EN 
C1 + 

vcc 



C3+ 
GND 
C3- 

vss 

C1- 
STBY 



-^o — vw- 
— wv- 



r-^O VW 



28 



27 



26 



See Note 7 



C3 



n 



C5 

25 _,, + 



24 



23 



Mode- 
Control 
Logic 



22 



21 



20 



19 



18 



17 



16 



15 



DOUT1 (EIA-232 out) 



DOUT2 (EIA-232 out) 



DOUT3 (EIA-232 out) 



RIN1 (EIA-232 in) 



RIN2 (EIA-232 in) 



RIN3 (EIA-232 in) 



RIN4 (EIA-232 in) 



R1N5 (EIA-232 in) 



NOTE 7: C2 is not used. 

C1 =C3 = C4 = C5 = 0.1 \iF 



Figure 7. Typical 5-V Operating Circuit 
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r 

9 



Bidirectional Transceiver 

Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and RS-485 
and ITU Recommendation V.11 
High-Speed Advanced Low-Power Schottky 
Circuitry 

Low Skew . . . 6 ns Max 

Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

Low Supply-Current Requirements 
30 mA Max 

Wide Positive and Negative input/Output 
Bus Voltage Ranges 
Driver Output Capacity ... ±60 m A 
Thermal Shutdown Protection 

Driver Positive and Negative Current 
Limiting 

Receiver Input Impedances . . . 12 kQ Min 
Receiver input Sensitivity . . . ±200 mV Max 
Receiver Input Hysteresis ... 120 mV Typ 

Fail Safe . . . High Receiver Output With 
Inputs Open 

Operates From a Single 5-V Supply 

Glitch-Free Power-Up and Power-Down 
Protection 

Interchangeable With National DS3695 and 
DS3695A 



description 



The TL3695 differential bus transceiver is a 
monolithic integrated circuit designed for 
bidirectional data communication on multipoint 
bus-transmission lines. It is designed for balanced 
transmission lines and meets ANSI Standards 
EIA/TIA-422-B and RS-485 and ITU 
Recommendation V.11 . 

The TL3695 combines a 3-state differential line 
driver and a differential input line receiver both of 
which operate from a single 5-V power supply. The 
driver and receiver have active-high and active- 
low enables, respectively, which can be externally 
connected together to function as a directional 
control. The driver differential outputs and the 
receiver differential inputs are connected 



D OR P PACKAGE 
(TOP VIEW) 




Function Tables 

DRIVER 



INPUT 
D 


ENABLE 
DE 


OUTPUTS 


A B 


H 


H 


H L 


L 


H 


L H 


X 


L 


Z Z 



RECEIVER 



DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


A-B 


RE 


R 


V| D >0.2V 


L 


H 


-0.2 V<V| D < 0.2 V 


L 


? 


V| D <~0.2V 


L 


L 


X 


H 


Z 


inputs Open 


L 


H 



H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 



iogic symbolf 



DE 
RE 



2 



EN1 
EN2 

n 


r 


> IV 
1 V 


V2 


< 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

logic diagram (positive logic) 



DE 



RE 

R 



Bus 
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description (continued) 

internally to form a differential input/output (I/O) bus port that is designed to offer minimum loading to the bus 
when the driver is disabled or V<x = 0- Thj s port features wide positive and negative common-mode voltage 
ranges making the device suitable for party line applications. 

The TL3695 is characterized for operation from 0°C to 70°C. 



schematic of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 

\ R (eq) 



Input 



Driver Input: R( e q) = 3 kft NOM 
Enable Inputs: R( 6 q) = 8k£2 NOM 
R (eq) = equivalent resistor 



TYPICAL OF A AND B I/O PORTS 

vcc 




3kQ 
NOM 



1.1 kQ 
NOM 



TYPICAL OF RECEIVER OUTPUT 

— v cc 




Output 



ftl 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vcc (see Note 1) 7 V 

Voltage range at any bus terminal - 1 0 V to 1 5 V 

Enable input voltage, V| 5.5 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg — — -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values, except differential I/O bus voltage, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


D 
P 


725 mW 
1000 mW 


5.8 mW/°C 
8.0 mW/°C 


464 mW 
640 mW 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


Voltage at any bus terminal (separately or common mode), V| or Vic 


12 


V 


-7 


High-level Input voltage, Vm 


D, DE, and RE 


2 


V 


Low-level Input voltage, V||_ 


D, DE, and RE 


0.8 


V 


Differential input voltage, V|p (see Note 2) 


±12 


V 


High-level output current, Ioh 


Driver 


-60 


mA 


Receiver 


-400 


MA 


Low-level output current, Iql 


Driver 


60 


mA 


Receiver 


8 


Operating free-air temperature, Ta 


0 70 


°C 



NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 



DRIVER SECTION 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


MIN TYPt MAX 


UNIT 


V|k Input clamp voltage 


lj = -18 mA 


-1.5 


V 


Vq Output voltage 


io = o 


0 6 


V 


IVoD1 1 Differential output voltage 


io - 0 


1.5 5 


V 


IVOD2 1 Differential output voltage 


R|_= 100Q, See Figure 1 


1/2VOD1 
or2§ 


V 


R|_ = 54 Q, See Figure 1 


1.5 2.5 5 


V 


Vqd3 Differential output voltage 


v test « -7 V to 1 2 V, See Figure 2 


1.5 5 


V 


|v | Change in magnitude of differential output 
00 voltagell 


RL - 54 Q, See Figure 1 


±0.2 


V 


Vqc Common-mode output voltage 


3 


V 


A |V | Change in magnitude of common-mode 
output voltage^ 


±0.2 


V 


lO Output current 


Output disabled, 
See Note 3 


Vo-12V 


1 


mA 


Vq = -7V 


-0.8 


l|H High-level input current 


V| = 2.4 V 


20 


MA 


l||_ Low-level input current 


V| = 0.4 V 


-200 


HA 


lOS Short-circuit output current 


V 0 = -6 V 


-250 


mA 


v 0 = o 


-150 


Vo-Vcc 


250 


Vq - 8 V 


250 


ICC Supply current 


No load 


Outputs enabled 


23 50 


mA 


Outputs disabled 


19 35 



t The power-off measurement in ANSI Standard El A/TIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs. 
* All typical values are at Vcc = 5 V and Ta = 25°C. 

§ The minimum VqD2 witn a 1 00-^ ! <>ad is either 1 12 VoD1 or 2 V whichever is greater. 

H A I Vqd 1 and A I Voc' are the changes in magnitude of Vod and Voc» respectively, that occur when the input is changed from a high level to a low 
level. 

NOTE 3: This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions. The EIA/TIA-422-B limit does not apply for 
a combined driver and receiver terminal. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


td(OD) 


Differential-output delay time 










8 


22 


ns 


Skew(lt d(0 DH)-td(ODL)l) 


C L 1 


= C|_2 = 


100 pF, RL = 60a 


See Figure 3 


1 8 


ns 


tt(OD) 


Differential output transition time 










8 


18 


ns 


tpZH 


Output enable time to high level 


C L = 


100 pF, 


RL = 500a 


See Figure 4 


50 


ns 


tPZL 


Output enable time to low level 


C L = 


100 pF, 


R|_ = 500 a 


See Figure 5 


50 


ns 


tPHZ 


Output disable time from high level 


C L = 


15 pF, 


R|_ = 500 Q, 


See Figure 4 


8 


30 


ns 


tPLZ 


Output disable time from low level 


C L = 


15 pF, 


R L = 500 Q f 


See Figure 5 


8 


30 


ns 



t All typical values are at V"cc = 5 V and Ta = 25°C. 

SYMBOL EQUIVALENTS 



DATA SHEET PARAMETER 


EIA/TIA-422-B 


RS-485 


v 0 


Voa^ob 


Voa.V 0 b 


IVQD1I 


V 0 


v 0 


IV 0 D2l 


V t (RL=100Q) 


V t (R[_ = 54Q) 


IVOD3I 




Vt (test termination 
measurement 2) 


v test 




•Vtst 


AIVodI 


IIVtl-IV t ll 


I !V t l — I 


Vqc 


IV 0S I 


IV 0S I 


aivoc! 


IVos-VosI 


• IVos-VosI 


•os 


UsaUlsb! 




io 


MxaUlxbl 


lia- lib 
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RECEIVER SECTION 

electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|t+ Positive-going input threshold voltage 


Vo = 2.7V, Iq = -0.4 mA 


0.2 


V 


V|T_ Negative-going input threshold voltage 


Vq = 0.5 V, Iq = 8 mA 


-0.2* 


V 


v hys Hysteresis voltage (V|t + -V|t_) 


v 0 c = o 


70 


mV 


V|k Enable-input clamp voltage 


l| = -18mA 


-1.5 


V 


Vqh High-level output voltage 


V|d = 200 mV or inputs open, 

Iqh = -4°0 |xA, See Figure 6 


2.4 


V 


VOL Low-level output voltage 


V| D = -200 mV, 
See Figure 6 


Iql= 16 mA 


0.5 


V 


Iql = 8 mA 


0.45 


lOZ High-impedance-state output current 


Vq - 0.4 V to 2.4 V 


±20 


HA 


1 1 Line input current 


Other input = 0, 
See Note 4 


V| = 12V 


1 


mA 


V|=-7V 


-0.8 


1 1 h High-level enable-input current 


V|H = 2.7 V 


20 


pA 


l|L Low-level enable-input current 


V| L = 0.4 V 


-100 


HA 


r\ Input resistance 




12 


kQ 


lOS Short-circuit output current 


v 0 = o 


-15 -85 


mA 


Iqc Supply current 


No load 


Outputs enabled 


23 50 


mA 


Outputs disabled 


19 35 



t All typical values are at Vqc = 5 V and Ta = 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode 

input voltage and threshold voltage levels only. 
NOTE 4: This applies for both power on and power off. Refer to ANSI Standard RS-485 for exact conditions. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 15 pF 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpm Propagation delay time, low- to high-level output 


V|D = -1.5Vto1.5V, 
See Figure 7 


14 37 


ns 


tpHL Propagation delay time, high- to low-level output 


14 37 


ns 


tpZH Output enable time to high level 


See Figure 8 


7 20 


ns 


tpzL Output enable time to low level 


7 20 


ns 


tpHZ Output disable time from high level 


See Figure 8 


7 16 


ns 


tpLZ Output disable time from low level 


8 16 


ns 



t All typical values are at Vqc = 5 V and Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 



-0^ 



VQD2 



2 

4 v oc 



Figure 1. Driver Vqd and Vqc 



375 CI 



VQD3 S 60 Q 



-AAA/ ' -±r 



FT 

Vtest 

l 



375 Q 

Figure 2. Driver Vqd3 



Generator 
(see Note A) 



50U 



C L1 = 100 f 
(see Note B) 



3V 



C[_2 = 100 pF 
(see Note B) 



Output 



Input 
td(ODH) 



3 V 

V 

td(ODL) 



TEST CIRCUIT 



Output 50%/l l\50% 

• — f | 10% |^-„_2.5V 

tt(OD) M k- ->l W t t (OD) 

VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 6 ns, tf < 6 ns, 
Zq = 50 CI 
B. Cl includes probe and jig capacitance. 

Figure 3. Driver Differential-Output Test Circuit and Voltage Waveforms 

Output 



0 V to 3 V 



Generator 
(see Note A) 



: 50a 



fXJ— ^ . — -3v 

1>Hq q ^ ? ° Input yi.5V 1.5VV 

— I Cl t s Rl = 500q I | ! „ ° V 

(see Note B) < l*--*p tpzH ' f 

-L ± __J_^„t-Voj 

output /"V ! -V"T 



l*-*ptp ZH 



3 V 
tPHZ- 



VOH 

V O ff«0V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 10 ns, tf< 10 ns, 
Zq = 50 Q. 
B. C|_ includes probe and jig capacitance. 

Figure 4. Driver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

5V 



3VorO V 



Generator 
(see Note A) 



'50Q 



cl : 
(see Note B) 



R|_ = 500 Q 
— Output 



Input 



tpzL-H« — *| 



N N tPLZ 



3V 
0V 



Output 



^2.3 V J/^ ""' ( 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



T 



5V 
0.5 V 

-vol 



NOTES: C. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 1 0 ns, tf < 1 0 ns, 
Zo = 50 CL. 
D. C[_ includes probe and jig capacitance. 

Figure 5. Driver Test Circuit and Voltage Waveforms 



i_ 



V|D 




VOH 



vol 

_L 



■'oh 



Figure 6. Receiver Vqh and Vql 

5V 



Generator 
(see Note A) 



5 51 Q ^ 
f C L = 15 P F 

— ^ (see Note B) 



1 kQ 



r 



Inp ut j ^QV " ^0\ 



1N916 
or 

h ur> *T" Equivalent 



0V 



tPLH 



Output 



2.5 V 
.-2.5 V 



tPHL 



1.5 V 



XT V 0H 

M-5V 

vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: E. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 10 ns, tf ^ 10 ns, 
Zo - 50 Q. 
F. C|_ includes probe and jig capacitance. 

Figure 7. Receiver Test Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 



1.5 V- 



-1.5 V O 



73> 



Generator 
(see Note A) 



r-H4- 



Cl = 15 pF ^ 1 kQ 
(see Note B) 



1 kCl 



S2 



5V 



: 50 Q 



1N916or Equivalent 



'S3 



TEST CIRCUIT 



— - 3 V 



Input 



Output 




51 to 1.5 V 

52 Open 

53 Closed 



VOH 



Input 



3 V S1 to -1.5 V 

1.5 V S2 Closed 
. 0 v $3 Open 



tpzL — I*"*! 



Output 



»4.5V 



vol 



Input 



1.5 V 



3V S1 to 1.5 V 

S2 Open 
. 0 V S3 Closed 



Input 



ut ^1.5V 



3 V S1 to -1.5 V 

S2 Closed 
0 V S3 Open 



tPHZH4— ►! 



tPLZ ■ 



Output 



0.5 V V| 



Output 



VOLTAGE WAVEFORMS 



-1.3V 

■vol 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t r < 10 ns,tf< 10 ns, 
Zo = 50 Q. 
B. Cl includes probe and jig capacitance. 

Figure 8. Receiver Test Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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DRIVER 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 9 
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Figure 10 



120 



> 

i 

D) 

a 



i 

5 
i 

a 
o 



3.5 
3 

2.5 
2 

1.5 
1 

0.5 
0 



DRIVER 

DIFFERENTIAL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

















V C C = 5V 
Ta = 25°C 















































































































































0 10 20 30 40 50 60 70 80 90 100 
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Figure 11 
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TYPICAL CHARACTERISTICS 
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RECEIVER 
HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Iqh - High-Level Output Current - mA 

Figure 12 
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RECEIVER 
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Figure 13 
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Figure 14 
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TYPICAL CHARACTERISTICS 



RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 
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Vj - Enable Voltage ~ V 

Figure 16 
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RECEIVER 
OUTPUT VOLTAGE 
vs 

ENABLE VOLTAGE 



V| D = -0.2V 

Load = 1 kfltoVcc 
T A = 25°C 



V C C = 5V 



n 1 

V C C = 5.25 V 



V C C = 4.75 V 
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V|~ Enable Voltage -V 
Figure 17 



APPLICATION INFORMATION 



TL3695 



:Rt 



TL3695 



nfT7 <h- 

• — • 1 — ^ 



' ' j u 

-UA Al Upto32 J_A 

/ \ \ / Transceivers \ / / \ 

T Y ••• Y Y 

NOTE A: The line should be terminated at both ends in its characteristic impedance (Rj = Zq). Stub lengths off the main line should be kept as 
short as possible. 

Figure 18. Typical Application Circuit 
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Three Drivers and Three Receivers That 

Meet or Exceed the Requirements of ANSI 

EIA/TIA-232-E and ITU V.28 

Designed to Support Data Rates Up to 

120 kbits/s Over 3-m Cable 

ESD Protection Exceeds 5 kV on All Pins 

Flow-Through Design 

Wide-Driver Supply Voltage . . . ±4.5 V 
to ±15 V 

Functionally Interchangeable With Motorola 
MC1 45406 and Texas Instruments 
SN75C1406 



DW OR N PACKAGE 
(TOP VIEW) 

V DD [ 1 
1RA[ 2 
1DY[ 3 
2RA[ 4 
2DY[ 5 
3RA[ 6 
3DY[ 7 
VssI 8 




description 



logic symbolt 



1RA 
2RA 
3RA 
1DY 
2DY 
3DY 



4 


6 


3 


S 


5 




7 





15 



13 



14 



12 



10 



1RY 
2RY 
3RY 
1DA 
2DA 
3DA 



The TL1 45406 is a bipolar device containing three 
independent drivers and receivers that are used to 
interface data terminal equipment (DTE) with data 
circuit-terminating equipment (DCE). The drivers 
and receivers of the TL1 45406 are similar to those 
of the SN75188 quadruple driver and SN75189A 
quadruple receiver, respectively. The pinout 
matches the flow-through design of the 
SN75C1406 to reduce the board space required 
and allow easy interconnection. The bipolar 
circuits and processing of the TL1 45406 provide 
a rugged low-cost solution for this function at the 
expense of quiescent power and external passive 
components relative to the SN75C1 406. 

The TL1 45406 complies with the requirements of 
the EIA/TIA 232-E and ITU (formerly CCITT) V.28 
standards. These standards are for data inter- 
change between a host computer and peripheral 
at signalling rates up to 20 kbits/s. The switching 
speeds of the TL1 45406 are fast enough to 
support rates up to 120 kbits/s with lower 
capacitive loads (shorter cables). Interoperability 

at the higher signalling rates cannot be assured unless the designer has design control of the cable and the 
interface circuits at both ends. For interoperability at signalling rates to 120 kbits/s, use of EIA/TIA-423-B 
(ITU V.10) and EIA/TIA-422-B (ITU V.11) standards are recommended. 

The TL1 45406 is characterized for operation from 0°C to 70°C. 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
andlEC Publication 617-12. 

logic diagram (positive logic) 

Typical of each receiver 



RA 



2, 4,6 



Typical of each driver 



DY 



3, 5,7 



15,13,11 



14,12,10 



RY 



DA 
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schematic (each driver) 



VDD — ESD 



Input DAx -r- 



► To Other Drivers 




DYx Output 



GND 



VSS— | ESD j 

► To Other Drivers 

Resistor values shown are nominal. 



schematic (each receiver) 



To Other Receivers 

vcc 



ESD 



9kQ < < 5kQ < 1.66 kQ 



2kQ 



Input RAx — ESD 





ESD 







RYx Output 



7 



3.8 kQ ^ 

^ | 10 ko^ 



L— ►To 



GND 



Other Receivers 



Resistor values shown are nominal. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage, Vqc (see Note 1 ) 10V 

Supply voltage, Vqd (see Note 1) 15 V 

Supply voltage, V§s (see Note 1 ) - 1 5 V 

Input voltage range: Driver -15Vto7V 

Receiver -30 V to 30 V 

Driver output voltage range - 1 5 V to 1 5 V 

Receiver low-level output current 20 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T st g -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltages are with respect to the network ground terminal. 



DISSIPATION RATING TABLE* 



PACKAGE 


T A <25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A <70°C 
POWER RATING 


DW 


1256 mW 


9.7 mW/°C 


819 mW 


N 


1943 mW 


14.9mW/°C 


1272 mW 



t Dissipation ratings are the inverse of the traditional junction-to-case thermal 
resistance (R&JA)- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqd 


7.5 9 15 


V 


Supply voltage, Vss 


-7.5 -9 -15 


V 


Supply voltage, Vqc 


4.5 5 5.5 


V 


High-level input voltage, V|h (driver only) 


1.9 


V 


Low-level input voltage, V||_ (driver only) 


0.8 


V 


High-level output current, Iqh 


Driver 


-6 


mA 


Receiver 


-0.5 


Low-level output current, Iql 


Driver 


6 


mA 


Receiver 


16 


Operating free-air temperature, T/\ 


0 70 


°C 
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supply currents 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Iqd Supply current from Vdd 


All inputs at 1 .9 V, No load 


V D D = 9V, V S S = -9V 


15 


mA 


V DD = 12V, V S S = -12 V 


19 


v D d = 15 V, v S s = -i5V 


25 


All inputs at 0.8 V, No load 


V D D = 9V, V S S = -9V 


4.5 


mA 


V DD = 12V, V S S = ~12V 


5.5 


V DD = 15V, V S s = -15V 


9 


Iss Supply current from V$s 


All inputs at 1 .9 V, No load 


V D D = 9V, V S S = -9V 


-15 


mA 


V DD = 12V, V S S = -12V 


-19 


v D d - 15 V, v S s = -i5V 


-25 


All inputs at 0.8 V, No load 


V D D = 9V, Vss = -9V 


-3.2 


mA 


v D d - 12 V, v S s = -i2 v 


-3.2 


v D d = 15 V, v S s = -i5v 


-3.2 


ICC Supply current from Vqc 


Vcc = 5V, All inputs at 5 V, No load 


13.2 20 


mA 



DRIVER SECTION 

electrical characteristics over recommended operating free-air temperture range, Vqp = 9V, 
Vss = -9 V, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


v OH High-level output voltage 


Vj|_ = 0.8 V, R|_ - 3 kQ, See Figure 1 


6 7.5 


V 


Vql Low-level output voltage (see Note 2) 


V|h = 1 .9 V, R|_ = 3 kQ, See Figure 1 


-7.5 -6 


V 


l|H High-level input current 


V| = 5 V, See Figure 2 


10 


UA 


1 1 1_ Low-level input current 


V| = 0, See Figure 2 


-1.6 


mA 


, High-level short-circuit output current 
los (H) ( Se e Note 3) 


V|L = 0.8 V, Vq = 0 or V$S> See Figure 1 


-4.5 -10 -19.5 


mA 


'OS(L) Low-level short-circuit output current 


V|h = 2 V, Vq = 0 or Vqd. See Figure 1 


4.5 10 19.5 


mA 


ro Output resistance (see Note 4) 


VCC =V D D = VSS = 0, V 0 = -2 V to 2 V 


300 


Q 



NOTES: 2. The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic 
levels only (e.g., if -1 0 V is maximum, the typical value is a more negative voltage). 

3. Output short-circuit conditions must maintain the total power dissipation below absolute maximum ratings. 

4. Test conditions are those specified by EIA/TIA-232-E and as listed above. 



switching characteristics, Vqc = 5 V, Vqd = 12 V, Vss = -12 V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, Iqw- to high-level output 


R|_ = 3 kQ to 7 kQ, C|_ = 15 pF, 
See Figure 3 


315 500 


ns 


tPHL Propagation delay time, high- to low-level output 


75 175 


ns 


*TLH Transition time, low- to high-level output 


R[_ = 3 kQ to 7 kQ, C|_=15pF, 
See Figure 3 


60 100 


ns 


R|_ = 3 kQ to 7 kQ, Cl = 2500 pF, 
See Figure 3 and Note 5 


1.7 2.5 


MS 


tjHL Transition time, high- to low-level output 


R[_ = 3 kQ to7kQ, C|_=15pF, 
See Figure 3 


40 75 


ns 


RL = 3 kQ to 7 kQ, Cl * 2500 pF, 
See Figure 3 and Note 6 


1.5 2.5 


US 



NOTES: 5. Measured between -3 V and 3 V points of the output waveform (EIA/TIA-232-E conditions). All unused inputs are tied. 

6. Measured between 3 V and -3 V points of the output waveform (EIA/TIA-232-E conditions). All unused inputs are tied. 
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RECEIVER SECTION 

electrical characteristics over recommended operating conditions (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP+ MAX 


UNIT 


V|T/ + Positive-going threshold voltage 


See Figure 5 


Ta = 25°C 


1.75 1.9 2.3 


V 


Ta = 0°C to 70 °C 


1 .55 2.3 


V| j_ Negative-going threshold voltage 




0.75 0.97 1.25 


v hys ,n P ut hysteresis (V| j + - V| j_) 




0.5 


Voh High-level output voltage 


Iqh = mA 


V| H = 0.75 V 


2.6 4 5 


V 


Inputs open 


2.6 


Vol Low-level output voltage 


IOL=10mA, V| = 3 V 


0.2 0.45 


V 


l|H High-level input current 


V| = 25 V, See Figure 5 


3.6 8.3 


mA 


V| = 3 V, See Figure 5 


0.43 


l|l_ Low-level input current 


V| =-25V, See Figure 5 


-3.6 -8.3 


mA 


V| = -3 V, See Figure 5 


-0.43 


I OS Short-circuit output current 




-3.4 -12 


mA 


t All typical values are at Ta = 25°C, Vcc = 5, Vqd = 9 V, and Vss = -9 V. 

switching characteristics, V C c = 5 V, V DD = 12 V, V S s = -12 V, Ta = 25°C 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tpm Propagation delay time, low- to high-level output 


Cl = 50 pF, R|_ = 5 ka 
See Figure 6 


107 425 


ns 


tpHL Propagation delay time, high- to low-level output 


42 150 


ns 


tj|_H Transition time, low- to high-level output 


175 400 


ns 


tjHL Transition time, high- to low-level output 


16 60 


ns 



VDD 

vcc 



PARAMETER MEASUREMENT INFORMATION 

! OS(L) 

"(J)— V DD or GND 
-lOS(H) *IH 

-<3> v ss 



; or GND 



VO 

A 



vss 



RL = 3 kQ 



Figure 1 . Driver Test Circuit 
for v OH» v OL» hS{H)> a "d ! OS(L) 



VDD 

vcc 



vss 



Figure 2. Driver Test Circuit for I|h and l||_ 
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4 


Pulse 
Generator 









See Note A 




PARAMETER MEASUREMENT INFORMATION 

Input 



1.5 V 



I 



-A- 



tpHL 



k +r 1 plh 



^ e Note B) 



90%^ 



^iSL 5 o% 

Output | Xrio% 

tTHL -j*-*} 



50% 
10% 



I/" 90% 

i0%3T | 



• 3V 
•0 

» V 0 H 

vol 



i« H t T LH 



VOLTAGE WAVEFORMS 

NOTES: A. The pulse generator has the following characteristics: t w = 25 us, PRR = 20 kHz, Zq = 50 CI, t r = tf < 50 ns. 
B. C|_ includes probe and jig capacitance. 

Figure 3. Driver Test Circuit and Voltage Waveforms 
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Figure 4. Receiver Test Circuit 
for l 0 s 



Figure 5. Receiver Test Circuit 
for V| T , Vqh, and Vql 
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See Note A 




(see Note B) 



Input 



VSS 4: 
TEST CIRCUIT 
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50%V 

IX. 



j« tpHL 
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-*h tpLH 



I 



90% 

Output 50% 



10% 
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50% 
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j 



4V 
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VOLTAGE WAVEFORMS 



NOTES: A. The pulse generator has the following characteristics: t w = 25 jis, PRR = 20 kHz, Zrj = 50 £2, t r = tf < 50 ns. 
B. Cl includes probe and jig capacitance. 

Figure 6. Receiver Propagation and Transition Times 
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TYPICAL CHARACTERISTICS 
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VOLTAGE TRANSFER CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 



RECEIVER 
INPUT THRESHOLD VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 11 
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NOTE A: This figure shows the maximum amplitude of a 
positive-going pulse that, starting from 0, does not cause 
a change of the output level. 

Figure 13 
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APPLICATION INFORMATION 

Diodes placed in series with the Vdd and Vss leads protect the TL1 45406 during the fault condition in which the device 
outputs are shorted to ± 1 5 V and the power supplies are at low. Diodes also provide low-impedance paths to ground 
(see Figure 15). 







±15V Output, 


— I 


■ H I 

I 

vdd I 


TL145406 


TL1 45406 


4 










vss 



Figure 15. Power-Supply Protection to Meet Power-Off Fault Conditions of ANSI EIA/TIA-232-E 
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Meets or Exceeds the Requirements of 

ANSI Standards EIA/TIA-423-B and -232-E 

and ITU Recommendations V.10 and V.28 

Output Slew Rate Control 

Output Short-Circuit-Current Limiting 

Wide Supply Voltage Range 

8-Pin Package 

Designed to Be Interchangeable With 
National DS9636A 



description 



The uA9636AC is a dual, single-ended line driver 
designed to meet ANSI Standards EIA/TIA-423-B 
and EIA/TIA-232-E and ITU Recommendations 
V.10 and V.28. The slew rates of both amplifiers 
are controlled by a single external resistor, R(ws)» 
connected between the wave-shape-control 
(W-S) terminal and GND. Output current limiting is 
provided. Inputs are compatible with TTL and 
CMOS and are diode protected against negative 
transients. This device operates from ±12 V and 
is supplied in an 8-pin package. 

The uA9636AC is characterized for operation 
from 0°C to 70°C. 



D OR P PACKAGE 
(TOP VIEW) 
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t This symbol is in accordance with ANSI/IEEE Std 91 -1984 and 
IEC Publication 617-12. 

logic diagram 



1A- 
W-S- 
2A- 



1Y 



2Y 



schematics of inputs and outputs 



v C c+ 



EQUIVALENT OF EACH INPUT 



Current 
Source 



Input — 



Current 
Source 



vcc± 



TYPICAL OF ALL OUTPUTS 



v C c+ 



Output 



vcc± 



PRODUCTION DATA information Is current as of publication date. — Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 

standard warranty. Produc J 
testing of all parameters. 



standard warranty. Production processing does not necessarily Include wVW *"J |?y /^^ 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Positive supply voltage range, Vcc+ (see Note 1 ) Vqc~ to 1 5 V 

Negative supply voltage range, Vqq_ 0.5 V to - 1 5 V 

Output voltage, V 0 ±15 V 

Output current, \q . . ............ ±150 mA 

Continuous total power dissipation ............... See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to the network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


Ta = 70°C 
POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Positive supply voltage, Vqq + 


10.8 12 13.2 


V 


Negative supply voltage, Vcc- 


-10.8 -12 -13.2 


v 


High-level input voltage, Vm 


2 


v 


Low-level input voltage, V|j_ 


0.8 


v 


Wave-shaping resistor, R(WS) 


10 1000 


kLl 


Operating free-air temperature, T A 


0 70 


°C 
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electrical characteristics over recommended ranges of free-air temperature, supply voltage, and 
wave-shaping resistance (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


* ir\ 


input clamp voltage 


l|=-15mA 




-1.1 


-1.5 


V 








R|_ = oo 


5 


5.6 


6 




Vqh 


High-level output voltage 


Vj = 0.8 V 


R|_ = 3 k£i to GND 


5 


5.6 


6 


V 








R|_ = 450 Q to GND 


4 


5.4 


6 










R|_ = oo 




-5.7 


-5 




v OL 


uuw-iovei uuijjui VUlldytJ 


V| = 2V 


R|_ = 3 k£2 to GND 


-6* 


-5.6 


-5 


V 








Rl_ = 450 Q to GND 


-6* 


-5.4 


-4 




l|H 


High-level input current 


V| = 2.4 V 


10 


MA 


V| = 5.5 V 


100 


»IL 


Low-level input current 


Vj = 0.4 V 




-20 


-80 


ma 


'0 


Output current (power off) 


vcc± = o. 


Vq-±6V 


±100 


ma 


'OS 


Short-circut output current! 


V| = 2 V 


15 


25 


150 


mA 


V| = 0 


-15 


-40 


-150 


ro 


Output resistance 


RL = 450 Q 




25 


50 


Q 


'CC+ 


Positive supply current 


V C C = ±12V f 
R(WS) = 100kU 


V| = 0, 
Output open 




13 


18 


mA 


! C C- 


Negative supply current 


Vcc = ±12V, 
R(WS) = 1 °0 k U 


Vj -0, 
Output open 




-13 


-18 


mA 



t All typical values are at Vqc = ±12 V, T A = 25°C. 

$ The algebraic convention, in which the less-positive (more-negative) limit is designated as minimum, is used in this data sheet for logic voltage 

levels, e.g., when - 5 V is the maximum, the minimum is a more-negative voltage. 
§ Not more than one output should be shorted to ground at a time. 



switching characteristics, Vcc± = ±12 V, = 25°C (see Figure 1) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tjLH Transition time, low- to high-level output 


Rj_ m 450 kQ, C|_ m 30 pF 


R(WS) SS ^OkQ 


0.8 1.1 1.4 


US 


R(WvS) = 1 00 kQ 


8 11 14 


R(WS) - 500 


40 55 70 


R(WS) - 1 MQ ■ 


80 110 140 


tjHL Transition time, high- to low-level output 


RL = 450 kQ, C|_ = 30 pF 


R (WS) = 10k^ 


0.8 1.1 1.4 


US 


RfWS)" 1 ^ 1 ^ 


8 11 14 


R(WS) = 500 k£2 


40 55 70 


R(WS) = 1 MQ 


80 110 140 
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PARAMETER MEASUREMENT INFORMATION 



vcc+ 



Input 




vqc± 



Input 
(see Note B) 



Output 



Cl = 30 pF 
(see Note A) 



Output 



tTHL -M N- 



3V 



0V 



Vqh 




TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r < 1 0 ns, tf < 1 0 ns, Zq = 50 fiL PRR < 1 kHz, 
duty cycle = 50%. 

Figure 1. Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 
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APPLICATION INFORMATION 



Twisted Pair 
or 

Flat Cable 




UA9637A 



_n_ 



-12 V 



Figure 7. EIA/TIA-423-B System Application 
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Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and 
EIA/TIA-423-B and ITU Recommendations 
V.IOand V.11 

Operates From Single 5-V Power Supply 
Wide Common-Mode Voltage Range 
High Input Impedance 
TTL-Compatible Outputs 
High-Speed Schottky Circuitry 

8-Pin Dual-ln-Line and Small-Outline 
Packages 

Designed to Be Interchangeable With 
National DS9637A 



UA9637C . . . D OR P PACKAGE 
(TOP VIEW) 



v CC [ 

10UT[ 
20UT[ 
GND[ 



7^7 

2 7 

3 6 

4 5 



1IN+ 
] 1IN- 
]2IN+ 
]2IN- 



logic symbolt 



description 

The uA9637AC is a dual differential line receiver 
designed to meet ANSI Standards EIA/TIA-422-B 
and EIA/TIA-423-B and ITU Recommendations 
V.10 and V.11 . The line receiver utilizes Schottky 
circuitry and have TTL-compatible outputs. The 
inputs are compatible with either a single-ended or 
a differential-line system. This device operates 
from a single 5-V power supply and is supplied in 
an 8-pin dual-in-line package or small-outline 
package. 

The UA9637AC is characterized for operation 
from 0°C to 70°C. 

schematics of inputs and outputs 



1IN + 
1IN- 
2IN + 
2lN- 



8 




7 rs 


6 




5 IS 





10UT 



20UT 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 



logic diagram 



1IN 
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2IN 
2IN 



10UT 



20UT 



EQUIVALENT OF EACH INPUT 



Input • 



-AAAr- 




Current 
Source 



TYPICAL OF ALL OUTPUTS 
— V C C 
50 Q NOM 




Output 
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PRODUCTION DATA Information Is current as of publication date. B> Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments mSm 

standard warranty. Production processing does not necessarily include 
testing of al! parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) — . . . -0.5 V to 7 V 

Input voltage, V| ±15 V 

Differential input voltage, V|p (see Note 2) ±15 V 

Output voltage range, Vo (see Note 1 ) -0.5 V to 5.5 V 

Low-level output current, Iql • • 50 mA 

Continuous total dissipation . See Dissipation Rating Table 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta<25°C 


OPERATING FACTOR 


Ta = 70°C 


Ta = 125°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 




P 


1000mW 


8.0 mW/°C 


640 mW 





recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


V 


Operating free-air temperature, Ta 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage, common-mode input 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V| j + Positive-going input threshold voltage 


See Note 3 


0.2 


V 


0.4 


V|-r_ Negative-going input threshold voltage 


See Note 3 


-0.2 


V 


-0.4§ 


Vhys Hysteresis voltage (V|T+-VrT-_) 




70 


mV 


v OH High-level output voltage 


V|D = 0.2V, lo = -1 mA 


2.5 3.5 


V 


Vql Low-level output voltage 


V| D = -0.2V, lo = 20mA 


0.35 0.5 


V 


1 1 Input current 


Vcc = oto 5.5 V, 
See Note 4 


V| = 10V 


1.1 3.25 


mA 


V|=-10V 


-1.6 -3.25 


lOS Short-circuit output current^ 


Vq = 0, V| D = 0.2V 


-40 -75 -100 


mA 


'CC Supply current 


V|D = -0.5 V, No load 


35 50 


mA 



$ All typical values are at Vcc * 5 V, Ta = 25°C. 

§ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 

1f Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTES: 3. The expanded threshold parameter is tested with a 500-Q resistor in series with each input. 
4. The input not under test is grounded. 
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switching characteristics, Vqc = 5 V, T^ = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


C[_ = 30 pF, See Figure 1 


15 25 


ns 


tPHL Propagation delay time, high- to low-level output 


13 25 


ns 



vcc< 



Input 

51 Q, 




PARAMETER MEASUREMENT INFORMATION 

Output V CC* 



Cl = 30 pF J_ 
(see Note A) ' 




! 3.92 kQ 



0.5 V 
Input 
(see Note B) 
-0.5 V 



Output 




50% 50% 

tpLH |«-H-tpHL 



TEST CIRCUIT 



VOLTAGE WAVEFORM 



NOTES: A. Cl includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r <5 ns, tf < 5 ns, PRR < 5 MHz, duty cycle = 50%. 

Figure 1. Test Circuit and Voltage Waveform 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 4 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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Figure 5 
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Figure 6 
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APPLICATION INFORMATION 



5V Twistedpair 5 V 




Figure 7. EIA/TIA-422-B System Applications 
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Meets or Exceeds ANSI Standard 
EIA/TIA-422-B 

Operates From a Single 5-V Power Supply 
Drives Loads as Low as 50 Q up 
to 15 Mbps 

TTL- and CMOS-Input Compatibility 

Output Short-Circuit Protection 

Interchangeable With National 
Semiconductor™ DS9638 



D OR P PACKAGE 
(TOP VIEW) 




logic symbolt 



description 



The uA9638C is a dual high-speed differential line 
driver designed to meet ANSI Standard 
EIA/TIA-422-B. The inputs are TTL and CMOS 
compatible and have input clamp diodes. 
Schottky-diode-clamped transistors are used to 
minimize propagation delay time. This device 
operates from a single 5-V power supply and is 
supplied in an 8-pin package. 

The uA9638 provides the current needed to drive 
low-impedance loads at high speeds. Typically 
used with twisted-pair cabling and differential 
receiver(s), base-band data transmission can be 
accomplished up to and exceeding 15 Mbps in 



1A 



2A 



2 


> 


8 


S 7 


3 


6 




s 5 







1Y 
1Z 
2Y 
2Z 



t This symbol is in accordance with ANSI/IEEE Std 91-1 984 and 
IEC Publication 617-12. 



logic diagram 



1A 



2A 



•H>t 



1Y 
1Z 
2Y 
2Z 



properly designed systems. The UA9637A dual line receiver is commonly used as the receiver. For even faster 
switching speeds in the same pin configuration, see the SN75ALS1 91 . 

The uA9638C is characterized for operation from 0°C to 70°C. 

schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



VCC 



4 kft NOM : 



Input 



TYPICAL OF ALL OUTPUTS 



VCC 



9.6 Q NOM 



7 



Output 



GND 



m 



National Semiconductor is a trademark of National Semiconductor Corporation. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x (see Note 1 ) -0.5 V to 7 V 

Input voltage range, Vj . -0.5 V to 7 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, — 0°C to 70°C 

Storage temperature range, T stg -65°C to 150°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Voltage values except differential output voltages are with respect to network GND. 



DISSIPATION RATING TABLE 



PACKAGE 


T A = 25°C 


DERATING FACTOR 


T A = 70°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vqc 


4.75 5 5.25 


V 


High-level input voltage, V|j-j 


2 


V 


Low-level input voltage, V|L, 


0,8 


V 


High-level output current, Iqh 


-50 


mA 


Low-level output current, Iql 


50 


mA 


Operating free-air temperature, T A 


0 70 


°C 
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electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vik Input damp voltage 


Vcc = 4.75 V, l| =-18mA 


-1 -1.2 


V 


Vqh High-level output voltage 


Vcc = 4.75 V, V| H = 2V, 
V|L = 0.8V 


Iqh = -10 mA 


2.5 3.5 


V 


Iqh = -40 mA 


2 


Vol Low-level output voltage 


VCC = 4.75 V, V|H = 2V, V| L = 0.8V, 
lOL = 40 mA 


n ^ 


V 


IVoD1 1 Magnitude of differential output voltage 


Vcc = 5.25 V, lo = 0 


2VOD2 


V 


IVOD2 1 Magnitude of differential output voltage 


VqC = 4.75 V to 5.25 V, R L = 1 00 Q, 
See Figure 1 


2 


V 


AIV 1 Change in magnitude of differential 
00 output voltage? 


±0.4 


V 


Voc Common-mode output voltage§ 


3 


V 


AlVnr 1 Cnan 9 e in magnitude of common-mode 

outnut \7nltflfif>+ 


±0.4 


V 


Iq Output current with power off 


v cc = o 


V0-6V 


0.1 100 


M A 


Vq = - 0.25 V 


-0.1 -100 


Vq = - 0.25 V to 8 V 


±100 


l| Input current 


Vcc = 5.25 V, V| = 5.5 V 


50 


liA 


l|H High-level input current 


Vcc = 5.25 V, Vj = 2.7 V 


25 


ma 


l|l_ Low-level input current 


Vcc = 5.25 V, Vj = 0.5 V 


-200 


liA 


lOS Short-circuit output current! 


Vcc = 5.25 V, Vq = 0 


-50 -150 


mA 


Ice Supply current (both drivers) 


Vcc = 5.25 V, No load, All inputs at 0 V 


45 65 


mA 



t All typical values are at Vcc = 5 V and T/\ = 25°C. 

t A I Vqd 1 and A I Voc 1 are the changes in magnitude of Vqd and Vqc» respectively, that occur when the input is changed from a high level to a 
low level or vice versa. 

§ In Standard EIA-422-A, Voc» which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos- 
H Only one output at a time should be shorted, and duration of the short circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, T/y = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


kl(OD) Differential output delay time 


Cl = 1 5 pF, Rl= 1 00 See Figure 2 


10 20 


ns 


tt(OD) Differential output transition time 


10 20 


ns 


t s k( 0 ) Output skew 


See Figure 2 


1 


ns 
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PARAMETER MEASUREMENT INFORMATION 



Input 




voc 



Figure 1. Differential and Common-Mode Output Voltages 

u L_/ 



Input 



Generator 
(see Note A) 



>50Q 



Y Output 



td(OD) 



Differential 

Output 1QO/o 



1.5 V 1 



3V 
0V 



td(0D) 



R L = 100Q 
Z Output 



90% 



90% 



*t(OD) ~H }*- t t (QD) -N H- 



CL = 15pF 
T (see Note B) 



Y ° ut P ut y^o% 5o%\ 

— — — f \ i — i 

!*-►{- t s k(o) *r*r- tsk( 0 ) 



Z Output 



; 50% 



50°/y F 



VOH 

vol 
.voh 

vol 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. The input pulse generator has the following characteristics: Zq = 50 Q, PRR < 500 kHz, t w = 1 00 ns, t r = < 5 ns. 
B. Cl includes probe and jig capacitance. 

Figure 2. Test Circuit and Voltage Waveforms 
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• Meets or Exceeds the Requirements of 
ANSI Standards EIA/TIA-422-B and 
EIA/TIA-423-B and ITU Recommendations 
V.IOand V.11 

• Operates From Single 5-V Power Supply 

• Wide Common-Mode Voltage Range 

• High Input Impedance 

• TTL-Compatible Outputs 

• High-Speed Schottky Circuitry 

• 8-Pin Dual-ln-Line and Small-Outline 
Packages 

• Designed to Be Interchangeable With 
National DS9639AC 



description 

The uA9639C is a dual differential line receiver 
designed to meet ANSI Standards EIA/TIA-422-B 
and EIA/TIA-423-B and ITU Recommendations 
V.10 and V.11. It utilizes Schottky circuitry and 
has TTL-compatible outputs. The inputs are 
compatible with either a single-ended or a 
differential-line system. This device operates from 
a single 5-V power supply and is supplied in an 
8-pin, dual-in-line package and small-outline 
package. 

The uA9639C is characterized for operation from 
0°C to 70°C. 

schematics of inputs and outputs 



D OR P PACKAGE 
(TOP VIEW) 




logic symbolt 



1IN + 
1IN- 
2IN + 
2IN- 



8 


] 


7 N 


6 




5 IS 





10UT 



20UT 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

logic diagram 



10UT 



20UT 




EQUIVALENT OF EACH INPUT 



vcc 

-i 



Input 



8k£2 
-VW- 



Current 
Source 



TYPICAL OF ALL OUTPUTS 




v C c 



50C2NOM 



Output 



m 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1) — -0.5 V to 7 V 

Input voltage, V| ±15 V 

Differential input voltage, V|d (see Note 2) ±15 V 

Output voltage range, Vq (see Note 1) -0.5 V to 5.5 V 

Low-level output current, Iql • ...... . 50 mA 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s tg -65°C to 1 50°C 

Lead temperature 1 ,6 mm (1/1 6 inch) from case for 1 0 seconds 260°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 



DISSIPATION RATING TABLE 



PACKAGE 


Ta < 25°C 


OPERATING FACTOR 


T A = 70°C 


POWER RATING 


ABOVE Ta = 25°C 


POWER RATING 


D 


725 mW 


5.8mW/°C 


464 mW 


P 


"lOOOmW 


8.0 mW/°C 


640 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode input voltage, V|c 


±7 


V 


Operating free-air temperature, Ta 


0 70 


°c 


electrical characteristics over recommended ranges of supply voltage, common-mode input 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


V|j+ Positive-going input threshold voltage 


See Note 3 


0.2 


v 


0.4 


V|-r_ Negative-going input threshold voltage 


See Note 3 


-0.2 


V 


-0.4§ 


V ny8 Hysteresis voltage (V|j + -V|x_) 




70 


mV 


Vqh High-level output voltage 


V|D = 0.2V, Iq = -1 mA 


2.5 3.5 


V 


Vol Low-level output voltage 


V|D=-0.2V, Iq - 20 mA 


0.35 0.5 


V 


l| Input current 


Vcc = 0 to 5.5 V, 
See Note 4 


Vj = 10V 


1.1 3.25 


mA 


Vj =-1Q V 


-1.6 -3.25 


IQS Short-circuit output current^ 


Vq - 0, V| D = 0.2 V 


-40 -75 -100 


mA 


ICC Supply current 


V|D = -0.5V, No load 


35 50 


mA 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

§ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 

' Only one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTES: 3. The expanded threshold parameter is tested with a 500-Q resistor in series with each input. 
4. The input not under test is grounded. 
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switching characteristics, Vqc = 5 V, T/v = 0°C to 70°C 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


tPLH Propagation delay time, low- to high-level output 


C|_ = 50 pF, See Figure 1 


85 


ns 


tPHL Propagation delay time, high- to low-level output 


85 


ns 



Input 
51 Q 



vcc + 




PARAMETER MEASUREMENT INFORMATION 

Output V CC 



c L = 30 pF: 
(see Note A) 



: 3.92 kQ 




0.5 V 
Input 
(see Note E 

-0.5 V - 



p) y j^50% 50%^ 



Output 



tPLH 



/ \ 

/ 1.5 V 1.5 V \ 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. The input pulse is supplied by a generator having the following characteristics: t r <5 ns, tf < 5 ns, PRR < 5 MHz, duty cycle = 50%. 

Figure 1. Test Circuit and Voltage Waveforms 



TYPICAL CHARACTERISTICS 
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vs 
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TYPICAL CHARACTERISTICS 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 4 
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APPLICATION INFORMATION 



5V Twistedpair 5 V 




Figure 7. EIA/TIA-422-B System Applications 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-1 053 



2-1054 



General Information 



Line Circuits 
Product Previews 
Applications 



Mechanical Data 




o 
o. 
c 
o 



(D 
< 

<D 

v> 



3-2 



SN75276 

FAIL-SAFE DIFFERENTIAL BUS TRANSCEIVER 



SLLS21 2 - SEPTEMBER 1 995 



Bidirectional Transceiver w/Fail-Safe 
Receiver 

Meets or Exceeds the Requirements of ITU 
Recommendation V.11 

Electrically Compatible With ANSI 
Standards EIA/TIA-422-B and RS-485 

Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 

3-State Driver and Receiver Outputs 
Individual Driver and Receiver Enables 
Wide Positive and Negative Input/Output 
Bus Voltage Ranges 

Driver Output Capability . . . +60 mA Max 
Thermal Shutdown Protection 
Driver Positive and Negative Current 
Limiting 

Receiver Input Impedance . . . 12 kQ Min 
Receiver Input Sensitivity . . . -300 mV/OmV 
Operates From Single 5-V Supply 
Pin Compatible With SN75176A Footprint 



logic symbolt 



DE 
RE 



EN1 








EN2 








□ 






r 




> 


1V 
1V 




< 






V2 









TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 

logic diagram (positive logic) 



DE 
D 



RE 
R 



3t 



Bus 



description 



The SN75276 differential bus transceiver is a monolithic, integrated circuit designed for bidirectional data 
communication on multipoint bus transmission lines. It is designed for balanced transmission lines and is 
electrically compatible with ANSI Standards EIA/TIA-422-B and RS-485, and meets ITU Recommendation V. 1 1 . 

The fail-safe operation ensures a known level on the circuit output under bus fault conditions. The circuit 
provides a high-level output under floating-line, idle-line, open-circuit, and short-circuit bus conditions (see 
Function Tables). 



Function Tables 



DRIVER 



RECEIVER 



INPUT 


ENABLE 


OUTPUTS 




DIFFERENTIAL INPUTS 


ENABLE 


OUTPUT 


D 


DE 


A B 




A-B 


RE 


R 


H 


H 


H L 




V| D >0V 


L 


H 


L 


H 


L H 




-0.3V<V| D <0V 


L 


? 


X 


L 


Z Z 




V|D < -0.3 


L 


L 








X 


H 


Z 








Open 


L 


H 



H = high level, L = low level, ? = indeterminate, X = irrelevant, Z = high impedance (off) 
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description (continued) 

The SN75276 combines a 3-state, differential line driver and a differential input line receiver, both of which 
operate from a single, 5-V power supply. The driver and receiver have active-high and active-low enables, 
respectively, that can be externally connected together to function as a direction control. The driver differential 
outputs and the receiver differential inputs are connected internaiSy to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus whenever the driver is disabled or 
Vcc = 0- These ports feature wide positive and negative common-mode voltage ranges making the device 
suitable for party-line applications. 

The driver is designed for up to 60 mA of sink or source current. The driver features positive- and 
negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum input 
impedance of 1 2 k£X 

The SN75276 can be used in transmission line applications employing the SN75172 and SN75174 quadruple 
differential line drivers and SN75173 and SN75175 quadruple differential line receivers. 

SN75276 is characterized for operation from 0°C to 70°C. 
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Single-Chip Interface Solution for 
AppleTalk™ and LocalTalk™ 

Designed to Operate Up To 1 Mbps In 
AppleTalk and LocalTalk 

Switched-Capacitor Voltage Converter 

Allows for Single 5-V Operation 

9-kV ESD Protection on Bus Terminals 

Combines Multiple Components into a 
Single Chip Solution 
LinBiCMOS™ Process Technology 



description 



The SN75LBC775 is a low-power LinBiCMOS™ 
device that incorporates the drivers and receivers 
for an AppleTalk or a LocalTalk interface and a 
switched-capacitor voltage converter for a single 
5-V supply operation. LocalTalk uses a hybrid of 
RS-422 with the transceiver connected to the 
network through a small isolation transformer. The 
AppleTalk mode provides point-to-point commu- 
nications and uses the same differential driver and 
receiver as LocalTalk with the addition of a hybrid 
RS-423, single-ended handshake driver (HSK) 
and receiver. In the AppleTalk mode, the port 
connects directly to the receiver with no isolation 
transformer. 

While the device power is turned off (V<x = 0) or 
disabled in the LocalTalk mode, the outputs are in 
a high -impedance state. When the driver enable 
(DEN) terminal is high, both the differential and 
serial driver outputs are in a high-impedance 
state. 

The receiver output can be disabled and become 
a high impedance when the REN terminal is low. 

A switched-capacitor voltage converter generates 
the negative voltage required from a single 5-V 
supply using two 22-|iF capacitors. One capacitor 
is between the C+ and C- terminals and the 
second is between Vss ancl ground. 

The SN75LBC755 is characterized for operating 
over the temperature range of 0°C to 70°C. 



functional diagram 
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SN75LBC970 

SCSI DIFFERENTIAL CONVERTER-CONTROL 

SLLS215- MAY 1995 



I • Provides Differential SCSI from 
I Single-Ended Controller 

I • Designed to Operate at Fast-SCSI Speeds 
I of 10 Million Data Transfer per Second 
[ • Meets or Exceeds the Requirements of 

ANSI Standard EIA-485 and ISO-8482 

Standards 

• Packaged in Shrink Small-Outline Package 
with 25 mil Terminal Pitch 

• Low Disabled Supply Current 

22 mA Typ 

• Thermal Shutdown Protection 

• Positive- and Negative-Current Limiting 

• Power-Up/Down Glitch Protection 

description 

The SN75LBC970 SCSI differential converter- 
control is an adaptation of the industry's first 
nine-channel RS-485 transceiver, the 
SN75LBC976. When used in conjunction with one 
or more of its companion data transceiver(s), such 
as the SN75LBC971, the chip set provides the 
superior electrical performance of differential 
SCSI from a single-ended SCSI bus controller. A 
16-bit, Fast-SCSI bus can be implemented with 
just three devices (two for data and one for control) 
in the space-efficient, 56-pin, shrink small-outline 
package (SSOP) and a few external components. 

In a typical differential SCSI node, the SCSI 
controller provides the enables for each external 
RS-485 transceiver. This could require as many 
as 27 additional terminals for a 16-bit differential 
bus controller or relegate a 16-bit single-ended 
controller to only an 8-bit differential bus. Using the 
standard nine SCSI control signals, the 

SN75LBC970 control transceiver decodes the state of the bus and enables the SN75LBC971 data 
transceiver(s) to transmit the single-ended, SCSI input signals differentially to the cable or receive the differential 
cable signals and drive the single-ended outputs to the controller. 

The single-ended, SCSI bus interface consists of CMOS bidirectional inputs and outputs. The drivers are rated 
at ±1 6 mA of output current. The receiver inputs are pulled high with approximately 4 mA to eliminate the need 
for external pullup resistors for the open-drain outputs of most single-ended, SCSI controllers. The single-ended 
side of the device is not intended to drive the SCSI bus directly. 

The differential SCSI bus interface consists of bipolar bidirectional inputs and outputs that meet or exceed the 
requirements of EIA-485 and ISO 8482-1 982/TIA TR30.2 referenced by the American National Standard of 
Information Systems (ANSI) X3.131-1994 Small Computer System lnterface-2 (SCSI-2). 
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description (Continued) 

The SN75LBC970 is characterized for operation 
over the temperature range of 0°C to 70°C. 

The SN75LBC970 consist of nine RS-485 
differential transceivers, nine TTL of CMOS-level 
compatible transceivers, a state machine and 
control logic block, a 20-MHz crystal-controlled 
oscillator, a timer, a power up/down glitch 
protection circuit, and a thermal-shutdown 
protection circuit. 

The single-ended or controller interface is 
designated as the A side and the differential port 
is the B side. Since the device uses the SCSI 
control signals to decode the state of the bus and 
data flow direction, the terminal assignments must 
be matched to the corresponding signal on the 
SCSI bus. The signal name followed by a a minus 
sign (-) indicates an active-low signal while a plus 
sign (+) indicates an active-high signal. 

A reset function, which disables all outputs and 
clears internal latches, can be accomplished from 
two ext ernal inp uts and two internally generated 
signals. RESET (Reset) and DESENS (differential 
sense) are available to external circuits for a bus 
reset or to disable all outputs should a 
single-ended cable be inadvertently connected to 
a differential connector. The power-up and 
thermal-shutdown, internally-generated signals 
have the same effect when the supply voltage is 
below 3.5 V or the junction temperature exceeds 
about 175°C. 

The remainder of this data sheet contains 
descriptions of the SN75LBC970 input and output 
signals followed by the electrical characteristics. 
The parameter measurement information is 
followed by the theory of operation, a state flow 
chart, and a typical circuit in the application 
information section. 
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• Provides Differential SCSI From 
Single-Ended Controller When Used With 
the SN75LBC970 Control Transceiver 

• Designed to Operate at Fast-SCSI Speed of. 
Ten Million Data Transfers per Second 



• Meets or Exceeds the Requirements of EIA 
Standard RS-485 and ISO-8482 Standards 

• Packaged in Shrink Small-Outline Package 
With 25-Mil Terminal Pitch 

• Low Disabled-Supply Current 

23 mA Typ 

• Thermal Shutdown Protection 

• Positive- and Negative-Current Limiting 

• Power-Up/-Down Glitch Protection 

description 

The SN75LBC971 SCSI Differential Converter-Data is 
an adaptation of the industry's first 9-channel RS-485 
transceivers, the SN75LBC976. When used in 
conjunction with its companion control transceiver, the 
SN75LBC970, the chip set provides the superior 
electrical performance of differential SCSI from a 
single-ended SCSI bus or controller. A 1 6-bit SCSI bus 
can be implemented with just three devices (two data 
and one control) in the space efficient, 56-pin, shrink 
small-outline package (SSOP) and a few external 
components. An 8-bit SCS! bus requires only one data 
and one control transceiver. 

In a typical differential SCSI node, the SCSI controller 
provides an enable for each external RS-485 
transceiver channel. This could require as many as 27 
extra terminals for a 1 6-bit differential bus controller or 
relegate a 16-bit, single-ended controller to only an 
8-bit differential bus. Using the standard nine SCSI 

control signals, the SN75LBC970 control transceiver decodes the state of the bus and enables the 
SN75LBC971 data transceiver to transmit the single-ended SCSI input signals (A side) differentially to the cable 
or receive the differential cable signals (B side) and drive the single-ended outputs to the controller. 

A reset function, which disables all outputs a nd clears internal latches, can be accomplished from two external 
inputs and two internally-generated signals. RESET (reset) and DSENS (differential sense) are available to 
external circuits for a bus reset or to disable all outputs should a single-ended cable be inadvertently connected 
to a differential connector. A power-up and thermal-shutdown internally-generated signals have the same effect 
when the supply voltage is below approximately 3.5-V or the junction temperature exceeds 175°C. 

The SCSI, differential, converter-data chip operates in two modes depending on the state of the DRVBUS input. 
With DRVBUS low, a bidirectional latch circuit sets the direction of data transfer. Each data bit has its own latch, 
and each bit's direction is independent of all other bits. When both the single-ended and differential sides are 
not asserted, the latch disables both A and B side output drivers. When the input to either side is asserted, the 
latch enables the opposite side's driver and sets data flow from the asserted input to the opposite side of the 
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description (continued) 

device. When the input deasserts, the latch maintains the direction until the receiver on the enabled driver 
detects a deassertion. The latch then returns to the initial state. No parity checking is done by this device; the 
parity signal passes through the device like the other data signals do. 

When DRVBUS is high, direction is determined by the SDB signal. However, a change in SDB does not always 
immediately change the direction. When DRVBUS first asserts, the direction indicated by SDB is latched and 
takes effect immediately. When SDB changes while DRVBUS is high, the drivers that were on immediately turn 
off. However, the other driver set does not turn on until the receivers sense a deasserted state on all nine data 
lines. This is to prevent the active drivers from turning on until all other drivers are off and the terminators pull 
the lines to a deasserted state. 

The single-ended SCSI bus interface consists of CMOS, bidirectional inputs and outputs. The drivers are rated 
to ± 1 6 mA of output current. The receiver inputs are pulled high with approximately 4-mA to eliminate the need 
for external pullup resistors for the open-drain outputs of most single-ended SCSI controllers. The single-ended 
side of the device is not intended to drive the SCSI bus directly. 

The differential SCSI bus interface consists of bipolar, bidirectional inputs and outputs that meet or exceed the 
requirements of EIA-485 and ISO 8482-1 92/TIA TR30.2 referenced by American National Standard of 
Information Systems (ANSI) X3.131-1994 Small Computer System lnterface-2 (SCSI-2) and the Proposed 
SCSI-3 Parallel Interface (SPI)-ANSI X3T9.2/9 1-010. 

The SN85LBC971 is characterized for operation over the temperature range of 0°C to 70°C. 
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SN55LBC976 

9-CHANNEL DIFFERENTIAL TRANSCEIVER 



SGLS091 - JUNE 1995 



Nine Differential Channels for the Data and 
Control Paths of the Differential Small 
Computer Systems Interface (SCSI) and 
Intelligent Peripheral Interface (IPI-2) 

Meets or Exceeds the Requirements of 
ANSI Standard RS-485 and 
ISO 8482:1987(E) 

Designed to Operate at 10 Million Transfers 
Per Second 

Low Disabled Supply Current 
1.4 mA Typical 

Thermal Shutdown Protection 
Power-Up/Power-Down Glitch Protection 
Positive and Negative Output Current 
Limiting 

Open-Circuit Fail-Safe Receiver Design 



description 



The SN55LBC976 is a nine-channel differential 
transceiver based on the SN55LBC1 76 LinASIC™ 
cell. Use of Tl's LinBICMOS™t process 
technology allows the power reduction necessary 
to integrate nine differential transceivers. On-chip 
enabling logic makes this device applicable for the 
data path (eight data bits plus parity) and the 
control path (nine bits) for both the Small 
Computer Systems Interface (SCSI) and the 
Intelligent Peripheral Interface (IPI-2) standard 
data interfaces. 

The switching speed and testing capabilities of the SN55LBC976 are sufficient to transfer data over the data 
bus at 10 million transfers per second. Each of the nine channels conforms to the requirements of the ANSI 
RS-485 and ISO 8482: 1987(E) standards referenced by ANSI X3.1 29-1 986 (IP!), ANSI X3.131-1993 (SCSI-2), 
and the proposed SCSI-3 standards. 

The SN55LBC976 is characterized for operation from -55°C to 125°C. 
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t Patent pending 

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated. 
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logic diagram (positive logic)t 
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t For additional logic diagrams, see Application Information, Table 1 , and Figures 7 through 44. 
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1 Introduction 

1 .1 Data Transmission 

Data transmission as part of Tl's linear products portfolio is concerned with the standards involving 
transmitting data at relatively high speeds down long line lengths, the considerations for which are primarily 
of an analog more than a digital nature. Likewise the design of data transmission ICs requires experienced 
analog engineers to implement functions such as slew rate limiting, receiver filtering, and common-mode 
protection. 

In this chapter we concentrate on two very popular transmission standards, RS-232 or as it is now known 
EIA/TIA-232-E, and the multipoint, half-duplex RS-485 standard. The last section covers the physical layer 
of the increasingly popular Small Computer Systems Interface (SCSI) Standard. 
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Figure 1-1. Data Transmission 

1.1.1 The Need for Transmission Standards 

Data transmission standards evolved for two main reasons 1 ) From the need to transmit data reliably over 
long distances, and 2) to provide a standard interface to facilitate communication between equipment from 
different suppliers. Although TTL/logic signal levels and products can be used, they generally lack the power 
handling capabilities, robustness, and noise margins required for reliable transmission. Indeed for 
backplane equipment, TTL is no longer specified for the newer high-speed standards (e.g., Futurebus+, 
which uses BTL transceivers). In general the standards concerned with transmitting data over long 
distances incorporate wider voltage swings, increased robustness, and higher power outputs than can be 
delivered using conventional logic products. Similarly, the submicron technologies used in the fabrication 
of today's logic devices cannot provide the power handling and robustness necessary for successful long 
distance transmission. 

1.1.2 Specialist Technologies 

This leads to the need for specialist ICs and technologies to meet the exacting requirements of these 
transmission standards. The traditional technological answer has been to utilize the inherent robustness 
afforded by bipolar technologies; however, the additional need for low power consumption and high levels 
of integration no longer makes this attractive. Semiconductor (SC) manufacturers are now having to develop 
their technologies to accommodate these requirements. Tl has introduced its proprietary LinBiCMOS™ 
technology combining the robustness of bipolar together with the power consumption and integration 
afforded by CMOS. Other manufacturers are using pure CMOS and integrating Schottky diodes to the same 
end. The results of these specialist technologies are very specialized and reliable products that are able to 
withstand the harsh environment unique to data transmission. 

Texas Instruments has been a leading supplier of data transmission products for many years and is 
continually providing innovation for new fields. Although the following sections are limited to the more 
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common interface standards, Tl is actively involved in many new emerging standards and markets. For 
example Futurebus+, a backplane standard with virtually no ceiling on data rate, the high speed serial data 
link evolving from the P1 394 committee and multiplex wiring systems such as ABUS, CAN and VAN. The 
reader is advised to contact a Tl representative for information on these product areas. 

With the considerable expertise in design, product definition, and a range of technologies, Texas 
Instruments is the ideal choice for supplying your data transmission product requirements. 

1.1.3 About This Section 

This section is split into four distinct sections each of which provides a practical rather than theoretical 
approach in an attempt to give you an insight into three popular data transmission standards, EIA/TIA-232 
(RS-232), RS-485 and the SCSI standard. The section is split as follows: 

1 . Introduction: This provides an overview of the various factors that affect any data transmission 
system. Under discussion is the line length versus data rate tradeoff, noise sources, correct line 
termination and network topology, in addition to explaining the use of eye patterns as a tool to 
measure transmission quality (see Figure 1-2). 

I 1 

| INTRODUCTION | 
j - Data Transmission j 
I -System Considerations j 
| EIA-232 j 
i -The Standard | 
i - Increasing the Data Rate i 
• -PC Interface i 
RS-485 

-The Standard i 
! Data Rate and Line Length 

- Industrial Application 
SCSI 

-The Standard 
I -Single Ended SCSI 
I -Differential SCSI 



Figure 1-2. Data Transmission Agenda 

2. EIA/TIA-232-E (RS-232): This section is a discussion of the standard with particular attention 
paid to the changes made in the E revision. Also covered is the use of RS-232 at higher data rates 
up to 1 16 kbps (kilo bits per second) and an application focus on the popular DB9 PC interface. 
The generic RS-232 standard is referred to in this book as RS-232, where a parameter is unique 
to a specific revision the EIA-232 reference is used. 

3. EIA RS-485: This section is an overview of the RS-485 specification (see Figure 1-3). 

4. EIA/TIA-422-B: This section is an overview of the El A/TIA-422-B standard (see Figure 1-3). 

5. SCSI: In / 

this section we consider the physical layer of this standard that concern both single-ended and 
differential transmission. For single ended transmission we look specifically at optimizing the line 
termination to achieve maximum transmission rate over the 6 meter distance as specified in the 
standard. The differential SCSI system increases the line length to 25 meters and uses the 
RS-485 standard to achieve this. We also look at Tl's new nine channel RS-485 transceiver that 
minimizes the problems caused by the 18-line wide bus as defined by the standard (see 
Figure 1-3). 
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EIA-232 

• Single-Ended Point-to-Point Cabling 

• 20 kbps Data Rate 

• =15 Meters Line Length 

RS-485/422 

• Differential 

• < 10 Mbps Max Data Rate 

• 1.2 km Max Line Length 

SCSI 

• Single-Ended or Differential Cabling 

• 10Mxfers/s Max Data Rate 

• 25 Meters Max Line Length 
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Figure 1-3. Interface Standards 
1 .2 Overview of the Interface Standards 

In Figure 1-3 we can see the relationship of each transmission standard when comparing data rate and line 
length. 

1.2.1 EIA/TIA-232-E 

EIA/TIA-232-E (commonly referred to as RS-232) or Recommended Standard 232 is defined in the 
American National Standard Institution (ANSI) specification as the interface between data terminal 
equipment and data circuit-terminating equipment employing serial binary data interchange. The standard 
employs a single-ended serial-transmission scheme and outlines the set of rules for exchanging data 
between computer equipment, originally this being a computer terminal, which is classified as a type of data 
terminal equipment (DTE), and a modem, which is a type of data communication equipment (DCE). The 
standard has evolved over the years with the latest E revision released in July 1 991 . The standard is now 
known as EIA/TIA-232-E, with EIA standing for the Electronic Industries Association and TIA for the 
Telecommunications Industry Association. 

As with previous revisions of the standard the maximum data rate is defined as 20 kbits per second (kbps) 
although there are now a number of software applications that push this data rate up to 116 kbps, well outside 
the standard. The C revision defined the maximum line length as 15 meters; however, this failed to 
comprehend the type of cable used and, consequently, the load capacitance on the line driver. Both the D 
and E revisions addressed this by more correctly defining the line length in terms of load capacitance. The 
maximum load capacitance is specified as 2500 pF, which translates into using standard cables between 
15 and 20 meters long. Line length and data rate are limited as the standard employs single-ended 
communication that is prone to external factors. For longer line lengths and higher data rates a differential 
balanced line communication link is essential. 

1.2.2 EIA/TIA-422-B and RS-485 

RS-485 is primarily an upgrade to the RS-422 standard utilizing similar signal levels but facilitating half 
duplex, multipoint communication. The standard is less complex than the RS-232 standard as it only 
specifies the electrical layer of the transmission scheme. Hardware such as the connector is left to the user 
to define. The standard specifies a balanced transmission line whose maximum line length is undefined but 
is nominally 1 .2 km for 24-AWG cable based on 6-dB signal attenuation. The maximum data rate is also 
undefined but is specified by the relationship of signal rise time to bit time, which is influenced by the line 
driver, the line length, and the line loading. In the majority of applications it is the line length that is the limiting 
factor on data rate due to signal dispersion. This is discussed in later sections. 
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1.2.3 Small Computer Systems Interface (SCSI) 

SCSI is an industry-standard interface, defined by the ANSI, for the interchange of data between a computer 
and the computer peripherals/Standard SCSI is a byte-wide parallel interface for high-speed data transfer 
over relatively short distances. The SCSI bus is bidirectional and is terminated at both ends of the cable to 
reduce reflections. For the single-ended interface, the standard specifies a maximum line length of 6 meters. 
The maximum data rate is 1 0 million transfers per second (Mxfers/s). For longer line length applications up 
to 25 meters, the SCSI standard uses the RS-485 standard as the physical layer. A further development of 
SCSI is Wide SCSI, which increases the data bus to 16-bits wide. Using the 10 Mxfers/s interface, the bit 
rate increases to 1 60 Mbps. 

1.2.4 Summary of EIA Interface Standards 

Table 1-1. Summary of EIA Interface Standards 



PARAMETER 


RS-232 


RS-423 


RS-422 


RS-485 


Mode Operation 


Single-Ended 


Single-Ended 


Differential 


Differential 


Number of Drivers and Receivers 


1 Driver 
1 Receiver 


1 Driver 
10 Receivers 


1 Driver 
10 Receivers 


32 Drivers 
32 Receivers 


Maximum Cable Length (m) 


15 


1200 


1200 


1200 


Maximum Data Rate (bps) 


20 k 


100 k 


10 M 


10M 


Maximum Common-Mode Voltage (V) 


±3 


±3 


±7 


12 to -7 


Minimum Driver Output 
Levels (V) 


Loaded 


±5 


±3.6 


±2 


±1.5 


Unloaded 


±15 


±6 


±6 


±6 


Drive Load (Q) 


3kto7k 


450 (Min) 


100 (Min) 


60 (Min) 


Driver Slew Rate 


30 V/ps (Max) 


NA 


NA 


NA 


Driver-Output Short-Circuit Current 
Limit (mA) 


n/a 


150 toGND 


150 toGND 


150toGND 
250 to -7 or 12 V 


Minimum Receiver Input Resistance (kft) 


3 to 7 


4 


4 


12 


Receiver Sensitivity 


±3V 


±200 mV 


±200 mV 


±200 mV 



1.3 System Influences 

Noise, distortion, and attenuation are always present in data transmission systems and strictly limit 
performance (see Figure 1-4). We consider each one of these in turn although there is some overlap (i.e., 
noise can cause distortion). 
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Figure 1-4. System Influences 



4-12 



1.3.1 Signal Attenuation 

Any data transmission over wire experiences losses and distortion due to distributed constants present 
along the cable. The distributed constants are series inductance, shunt capacitance, series resistance and 
shunt conductance. Attenuation of the signal in a cable is affected by each of these components. The series 
resistance, R, is frequency dependent and is a result of the dc resistance of the cable and the skin effect. 
Skin effect is a term that refers to the tendency of electrons to travel to the surface of a conductor at higher 
frequencies, thereby reducing the overall cross-sectional area and increasing the resistance. The series 
inductance, L, represents the opposition to change in current levels caused by the collapsing and expanding 
magnetic fields created due to fluctuating current levels. The shunt capacitance, C, is created by the two 
conductors in close proximity and separated by a dielectric. As the signal frequency increases the capacitive 
reactance decreases, consequently reducing the opposition to current flow. The final component, shunt 
transconductance or G, is a function of the dielectric loss of the insulation around each conductor, which 
allows some leakage current to pass between conductors. In modern dielectrics this is often assumed to 
be negligible. 

The overall effect of these distributed constants is called the characteristic impedance of the line, Zq, and 
is expressed as: 



The current/voltage relationship of an incident wave travelling down a transmission line in the direction of 
the load is determined by this equation. Equally a reflected wave travelling from the direction of the load is 
also dependent on this relationship. We revisit this equation when we discuss transmission line termination 
in section 1.5. The signal velocity along the transmission line and the attenuation depends upon the 
propagation constant y of the line. The propagation constant, when separated into its real and imaginary 
parts, is symbolized by a + jp where a is known as the attenuation constant and p as the phase constant, 
a determines the rate of attenuation and has units of nepers per unit length, and p determines the phase 
velocity, where: 



Phase velocity, 



Where co is the angular frequency. 

Additionally, the propagation constant, 

Y = a+ jp = ^(R + jcoL) (G + jcoC) 

In practice the attenuation of a particular cable can be determined from manufacturers' data where a curve 
of bit rate or frequency is plotted against attenuation, usually quoted per 100 feet or 30 meters. The 
attenuation constant, p, can be converted to dBs by multiplying it by 8.686. 

The maximum attenuation allowable depends on the system configuration but a figure of 6 dBV maximum 
is a good guide. Actual curves are discussed later in the Section 3. 

1.3.2 Signal Distortion 

One of the primary causes of signal distortion is the effect known as frequency dispersion. As discussed 
in subsection 1.3.1, phase velocity and attenuation are both frequency dependent and their effect is to distort 




Where: 



L is in henries/unit length 
R is in ohms/unit length 
C is in farads/unit length 
G is on mhos/unit length 



and delay the signal pulse. The high-frequency components contained in the leading and lagging edges of 
a pulse experience minimum delay but experience maximum attenuation. The pulse top and low-frequency 
components are subjected to increased delays. The result is that various parts of the pulse arrive at the 
receiving end at different times and at differing levels causing distortion of the original signal. It follows that 
the longer the line length is the more the bit rate must be reduced. In many transmission systems it is this 
factor alone that determines the maximum signalling rate. 

Once again cable manufacturers sometimes specify a bit rate versus line length curve but a better way to 
check signal distortion of your system is by the use of eye patterns or eye diagrams. Indeed, cable 
manufacturers generate their bit rate/distance curves using eye pattern measurements. Eye patterns allow 
you to visibly see and measure signal distortion as a function of data rate. See later sections on how to 
implement eye patterns. 

1.3.3 Noise 

Noise is generated from a variety of sources and can strongly influence how you implement your data 
transmission system. All extraneous signals appearing at the receiving end of the transmission circuit that 
are not due to the input signal are considered as noise. The two most likely sources of noise that affects data 
transmission systems in the context of this section are common-mode voltages and cross-talk. We discuss 
both these types of noise and how they relate to the type of transmission system in Section 1 .6. 

1.4 Eye Patterns 

To determine the effects of signal distortion, noise, and signal attenuation, on intersymbol interference (ISI) 
in a data transmission system, the eye pattern is used. ISI is the effect of neighboring pulses in a pulse train 
spilling over into adjacent pulses and forces a reduction in the allowable permitted pulse rate for a given line 
length in order to maintain adequate distinction between adjacent pulses. The eye pattern is displayed on 
an oscilloscope with the term "eye" coming from the appearance of the trace on the CRT. 

1.4.1 Setting Up the Eye Pattern 

The eye pattern is obtained by applying a random nonreturn zero (NRZ) code down the transmission line 
under test. This represents all possible pulse combinations. The signal at the receiving end of the line is 
connected to the vertical amplifier of an oscilloscope, with the scope triggered using the synchronization 
clock to the NRZ code generator on a separate trace (see Figure 1-5). 
Formation of Eye Pattern 
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Figure 1-5. Signal Distortion Using Eye Patterns 



Over any one unit interval the random code generator should produce a combination of signals. The 
resulting signals can then be viewed on the oscilloscope over a one unit interval, each unit interval should 
resemble an eye similar to Figure 1-8. For differential transmission, both signals at the end of the 
transmission line should be applied to separate amplifiers on the oscilloscope and then summed using the 
summation facility on the oscilloscope. 
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Figure 1-6. Eye Pattern Oscilloscope Trace 
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Figure 1-7 shows a circuit that generates the NRZ code. In this case we used it to test the RS-485 
SN751 76-type transceiver. 
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Figure 1-7. NRZ Random Code Generator 
1.4.2 Taking Measurements from Eye Patterns 

Before considering actual measurements the first key indicator on the performance of the transmission 
system can be seen by simply looking at the eye pattern. The openness of the eye is an indication of the 
quality of the transmitted signal and is an indication of the noise and distortion tolerance of the system. 

For actual measurements the decision points of the transceiver should be superimposed upon the eye 
pattern. The vertical distance between the decision points and the signal trace is an approximate indication 
of the noise margin of the system. The horizontal appearance of the eye can be used to determine the 
maximum jitter tolerance of the system. A good guide, and one that is used by cable manufacturers to 
determine data rate versus line length curves, is to design with no more than 5% jitter. Where % jitter is 
defined as the ratio of threshold crossing skew to unit interval as shown in Figure 1-8. Jitter is caused by 
a number of factors including signal frequency, noise, and cross-talk. Noise frequency can modulate the 
transmitted signal, for example 50-Hz hum or from other low-frequency sources. It should also be noted at 
this point the effect of threshold misalignment that can cause severe problems with the received signal, 
reducing the detected pulse width considerably. 
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NOTE A: Design with no more than 5% jitter 



Figure 1-8. Measuring Signal Transmission Quality 
1.5 Line Termination 

The behavior of the transmitted signal and the integrity of the data at the receiving end depends upon the 
data rate and line length of the cable. There are two behavioral models of a transmission cable: 

• Lumped parameter model (short wire) 

• Distributed parameter model (transmission line) 

As discussed in subsection 1 .3,1 the distributed parameter model represents the connecting circuit in terms 
of distributed parameters (inductance, capacitance, resistance, conductance), rather than as an equivalent 
lumped load on the line. The transmission line can be considered in terms of an infinite number of small filter 
sections and, as a result, the transmission line is said to have a characteristic impedance, Zq. Zq is 
independent of distance along the line and represents the voltage and current relationship for an incident 
wave at any point as it travels along the line. 

1.5.1 Transmission Line Test (Classifying as a Lumped or Distributed Parameter 
Model) 

All cables can be thought of as transmission lines; but the term transmission line is used with differing 
meanings. 

Consider a signal propagating down a simple data link comprising two wires. When the signal starts to 
change at the transmitter output the effect of this change is eventually seen at the other end of the line. A 
reflection of the signal occurs, which eventually returns back to the transmitter terminals. 

If this happens before the original transmitted signal has risen to its peak value then the line is normally 
treated as a lumped parameter system rather than as a true transmission line. This is because the line itself 
does not greatly influence the performance of the system. 

A general rule of thumb for determining if a system should be treated as a trye transmission line can be 
formulated. If the transition (rise or fall) time, t t , of the signal is much less than the round trip propagation 
delay, 2t pc j, of the signal from transmitter to receiver and back to transmitter, then the cable can be treated 
as a transmission line and not as a lumped parameter model. A better model is given in Figure 1-9 where 
a safety margin is built in to the propagation delay/rise time relationship. 
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Figure 1-9. To Terminate or Not to Terminate? 



1.5.2 Transmission Line Considerations and Effects 

When the cable is operating like a transmission line, extra loads in the form of transmitters and receivers 
can be added, providing that they do not cause too great a shunting effect on the line. These extra loads, 
if they are evenly distributed along the line, can be treated as an extra distributed capacitance along the line 
adding to the effect of the line capacitance and inductance. This extra load decreases the line impedance 
and reduces the speed of the signal along the line. 

In the case of the lumped-parameter model, the line represents a pure fixed load to the transmitter device. 
For example, the capacitance of the line is modelled as a fixed value that effectively limits the output voltage 
slew rate of the transmitter, assuming it can supply a finite amount of current to the line. 

1.5.3 Transmission Line Reflections 

Consider a driver circuit driving the line. When the driver output voltage changes state, the driver appears 
to see the effective characteristic impedance of the line, Zq. This causes the voltage at the output of the 
driver circuit to be reduced as a result of the potential divider action formed by Zq and the driver circuit output 
impedance, Zq. 

At any point along the line the ideal source impedance appears as Zq and the ideal load impedance also 
appears as Zq. This gives the impression that the line is being driven by a voltage source of twice the 
magnitude of the line voltage. 

When the signal reaches the receiving end of the line it meets a terminating impedance equal to the 
impedance (Zq) of the line that it is already travelling on. It interprets this as a continuation of the line. The 
voltage on the line is not altered and the current flowing along the line flows through the termination resistor 
and back to the driver via either ground or the other line in the system. Operation of the circuit as just 
described would result in optimum data transmission efficiency with little or no signal reflections. However, 
circuit operation in the real world is not always so perfect. 

If the termination impedance is dissimilar to the characteristic impedance of the line itself, the voltage at the 
termination point is altered. The voltage at the termination point is dependent of the relative size of the 
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termination impedance to the line impedance. If the termination impedance is higher than the line 
impedance, the line voltage increases causing a positive voltage reflection of the signal. When the 
termination impedance is lower than the line impedance, the line voltage decreases leading to a negative 
reflection. The same effect occurs at the driver output terminals due to impedance mismatches between 
driver and line. 

Reflections at each end of the line eventually settle and leave a constant dc voltage on the line. The value 
of this voltage is equal to the ideal open circuit output voltage multiplied by the termination impedance 
divided by the sum of the driver output impedance and termination impedance. 

Reflections as described can cause problems when driving lines at high frequencies. False receiver 
triggering can occur and repeated signal reflections causes signal wave distortion. 

1.6 Noise Influences 

There are two main classifications of transmission schemes, single ended or differential. Each are affected 
by noise influences in differing ways - the next two sections describe each transmission scheme paying 
particular attention to the affects of noise. Figure 1-10 details both types of transmission scheme. 



Single-Ended Line 

Emissions 




Figure 1-10. Noise Influences 
1.6.1 Single-Ended Line Considerations 

Single-ended data transmission systems consist of a signal line on which data is sent down, and a ground 1 
line through which the current returns. A direct result of this is that the ground line forms part of the? 
transmission line, which can be of benefit in some circumstances but not in others. 

One of the major benefits, and most obvious, is that a single-ended system is the lowest cost solution in 
terms of cabling costs. In general terms it requires only half the cable of a differential system. It is also, 
relatively simple to install and operate. 

The main disadvantage of the single-ended solution is its noise couping. Because the groun< j wire forms 
part of the system, any transient voltage or shifts in voltage potential can be induced (Irom nearby 
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high-frequency logic or high-current power circuits), leading to signal degradation ultimately leading to false 
receiver triggering. For example, a shift in the ground potential at the receiver end of the system can lead 
to an apparent change in the input switching threshold of the receiver device, thus increasing susceptibility 
to noise. 

Crosstalk is also a major concern especially at high frequencies. Crosstalk is generated from both capacitive 
and inductive coupling. Capacitive coupling tends to be more severe at higher signal frequencies as 
capacitive reactance decreases. The impedance and termination of the coupled line determines whether 
the electric or the magnetic coupling is dominant. If the impedance of the line is high the capacitive pickup 
is large. Alternatively, if the line impedance is low, the series impedance as seen by the induced voltage is 
low, allowing large induced currents to flow. 

These problems normally limit the distance and speed of reliable operation for a single-ended link. 
Crosstalk can be reduced by: 

• Limiting the slew rate of signals so they do not cause crosstalk to be induced onto other lines 

• Limiting the line length 

• Shielding the signal conductor 

While the common-mode noise could be reduced by: 

• Isolating the signal ground from power conductors (e.g., keep signal grounds separated as far 
as possible from power grounds). 

• Ground wires should be as low an impedance as possible. 

• Using star ground system configurations. 

Some of these techniques are used in systems such as RS-232 e.g., maximum slew rate of the RS-232 is 
defined as 30 V/jlis while Futurebus+, an emerging high-speed backplane standard, uses trapezoidal 
waveforms to limit crosstalk. 

1.6.2 Differential Line Considerations 

A differential communication system involves the use of two signal-carrying wires between transmitter and 
receiver, such that the signal current flows in opposite directions in each wire. The net effect of this is the 
receiver is only concerned with the difference in voltage between the two wires. The absolute value of the 
dc common-mode voltage of the two wires is not important. In practice, transmitters and receivers have a 
finite common-mode voltage range in which they can operate. 

The use of a differential communications interface allows transmission at higher data rates over longer 
distances to be done. This is because the effects of external noise sources and cross differential lines 
appear as an extra common-mode voltage that the receiver is insensitive to. The difference between the 
signal levels on the two lines, therefore, remain the same. By the same argument, a change in the local 
ground potential at one end of the line appears as just another change in the common-mode voltage level 
of the signals. The differential output to the line also provides a doubling of the driver's single-ended output 
signal. Twisted-pair cable is commonly used for differential communications since its twisted nature tends 
to cause cancellation of the magnetic fields generated by the current flowing through each wire, thus 
reducing the effective inductance of the pair. 

The main disadvantage of a differential system lies in the fact that two signal wires are required for each 
communication link. This increases system cost but provides superior performance when data is transmitted 
at high rates over long distances. 

The RS-485 and RS-422 standards both use differential-type transmission. 



4-20 



1 .7 Network Topology 

In addition to considering signal attenuation, the effects of noise, signal distortion and correct line 
termination, we must also consider the way in which stations are connected to the line. Furthermore, the 
position of the line termination resistor and device positioning must be considered. There are two basic 
methods of connection (see Figure 1-11); 

• The star connection 

• The daisy chain connection 

Considering the star connection, the transition edge from the driver can be loaded by a group of separate 
transmission lines rather than one. Each transmission-line boundary causes a change in impedance 
resulting in reflections. 




• Driver Sees Many Transmission Lines • Drivers Sees One Transmission Line 

• Terminating Multiple Stations in RT • Far End Terminated Only (simplex) 
Can Cause Excessive Line Loading 



Figure 1-11. Network Topology 

Another situation to avoid is the termination of multiple stations, since this could excessively load the driver. 
Termination at the extreme ends for the RS-485 (half duplex) and far end only for the RS-422 is 
recommended and is accounted for in each standard. Normally stubs (taps of the main line) should be kept 
as short as possible so not to appear as transmission lines themselves. 

The recommended method is to use the daisy chain, a configuration where the transmission line continues 
from one receiver to the next and only the last receiver on the chain is terminated. This means that the 
transmission line and, hence, the driver sees one continuous transmission line with only one termination 
resistor. Each tap-off is in effect a stub, but in this case they are not all grouped together and are kept very 
short to reduce their effect. 

Figure 1-12 further confirms the need to keep stub lengths short and the use of correct termination 
techniques by comparing the effect on signal quality for the daisy chain and star method of connection. 



4-21 



Daisy Chain 




Star 



• Measurement Information 
V = 2 V/div 
t = 50 ns/div 



V 




V 



> t 



Receiverlnpu^B 

► t 



• Cable Specification 

- Flat Ribbon Cable with Parallel Copper Wire - U.L.2651 

- Capacitance Between Adjacent Lines = 49.2 pF/m 

- Line Length 2 m From End to End 
-Characteristic Impedance (Zq) = 105 Q 



Figure 1-12. Star Versus Daisy-Chain Topology 



In both instances exactly the same application scenario is used as is the same cable specification. The cable 
used is a flat ribbon cable with parallel copper wire conforming to U.L. Specification 2651 . Connections are 
made as shown in Figure 1-12 and the total cable length from source to destination is 2 m. 

1.7.1 How Short is Short? 

It has been described earlier that a pair of cables act as a transmission line if the round trip propagation delay, 
tpd> is m ore than 5 x the transition times of the driver, fy. The converse is true if the line is not to operate as 
a transmission line but as a lumped parameter model. This forms the basis of the stub length calculation 
given in the following paragraphs. 

The rule of thumb states that the transition time of the pulse sent down the line should take ten times the 
amount of + 

time taken for the pulse to propagate to the end of the stub. As a result, any reflections are incorporated into 
the transition edge. 

From this basis, the length of a stub is calculated using the cable and driver parameters. 

The pulse speed down the line, U, equals the reciprocal of the product of the line impedance and line 
capacitance, both of which are normally specified for the cables used. The propagation delay down the stub 
should be at the most one tenth of the transition time of the pulse. These facts can be brought together to 
give the length of the stub, L s , as; 



Using the SN75ALS1 80 and its transition time of 1 3 ns, a cable with a characteristic impedance of 78 Q and 
line capacitance of 65 pF/m: 



_ l t(D) 
s 10 



Using: 




, as an approximation of the equation shown in subsection 1.3.1. 



In practical situations jcoL » R and jcoC » G, therefore R and G can be assumed to be negligible although 
the R component must be considered for long line lengths. 

And: 

Vp = , 1 as an approximation of the phase velocity equation in 1.3.1, 
V L 0 C 0 

Substitution gives: 
1 



V n = 



p " z o c o 

Using the values given earlier: 

V D = - To = 198 x 10 6 ms" 1 

p 78 x 65 x 10" 12 

Now, using the rule of thumb described earlier: 

• tpd - To and L s = *pd V P 

Gives t pd = 13 ^q 0 " 9 and; therefore, Lg = 1.3 x 10~ 9 x 198 x 10 6 = 257 mm = 10 inches 

This means the length of each stub should be no more than 256 mm. Under this length the stub can be 
considered as a lumped load and does not cause any unwanted reflections. The main effect of each stub 
in this case is a slight increase in the capacitance loading of the line. 
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2 Interface Circuits for ANSI EIA/TIA-232-E 

2.1 General Information 

This section on ANSI Electronic Industries Association/Telecommunication Industry Association 
EIA/TIA-232-E and ITU V.28 (generally referred to as RS-232), discusses the electrical aspects of the 
standard, i.e., the physical layer. However, the reader should note the products under discussion in this 
section are application specific to the 9-pin DB9 Personal Computer Data Terminal Equipment (DTE) serial 
interface, which is effectively a subset of the full RS-232 standard. As a semiconductor manufacturer, Tl 
finds that the majority of RS-232 applications are moving to this interface. Due to the nature of the signals, 
(i.e., five receive and three transmit lines,) the older established RS-232 products no longer provide an 
optimum solution. This interface is now driving the need for single-chip RS-232 solutions. Additional features 
such as single-supply operation, increased ESD protection, and power-down modes have moved from the 
desirable features to the essential features of today's interface. In the later half of this section we discuss 
the DB9 interface and Tl's products designed specifically for this application. 

Looking at the DB9 interface one step back into the digital system, there is in most cases a universal 
asynchronous receiver/transmitter (UART) or asynchronous communication element (ACE). The ACE 
provides the parallel to serial conversion and the necessary start/stop bits, parity-bit generation, and 
checking for error-free data transmission. Tl manufactures a number of ACEs, such as the TL1 6C552. This 
integrates two serial ports with FIFO buffers together with a PC parallel port. 

2.2 EIA/TIA-232-E Industry Standard for Data Transmission 

The EIA introduced the RS-232 standard in 1 962 in an attempt to standardize the interface between (DTE) 
and Data Communication Equipment (DCE). The DTE comprises the data source, data sink, or both. The 
DCE provides the functions to establish, maintain and terminate a connection, and to code/decode the 
signals between the DTE and the data channel. Although emphasis was then placed on interfacing between 
a modem unit and data terminal equipment, other applications were quick to adopt the RS-232 standard. 
The growing use of the personal computer (PC) quickly ensured that RS-232 became the industry standard 
for all low-cost serial interfaces between the DTE and peripheral. The mouse, plotter, printer, scanner, 
digitizer, and tracker-ball, in addition to the external modems and test equipment, are all examples of 
peripherals that connect to an RS-232 port (see Figure 2-1 ). Using a common standard allows widespread 
compatibility plus a reliable method for interconnecting a PC to peripheral functions. 
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Figure 2-1. EIA/TIA-232-E Industry Standard for Data Transmission 



The EIA RS-232-C standard, revised in 1 969, was superseded by EIA-232-D (1 986), and recently has been 
once again superseded by EIA/TIA-232-E, which brings it in line with ITU V.24, and V.28 and ISO IS2110. 
The latest revision includes an update on the rise time to unit interval ratio and reverses the changes made 
by the D revision (see Figure 2-2). Although an older standard with problems like high-noise susceptibility, 
low data rates and very limited transmission length, RS-232 fulfills a vital need as a low-cost communication 
system. Consequently, new products are being developed at a faster rate than ever. 
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2.3 EIA/TIA-232-E Specification 

The standard sets out to ensure: 

• Compatible voltage and signal levels 

• Common pin wiring configurations 

• Minimum amount of control information between the DTE and DCE 

It accomplishes these features by incorporating the following areas in the standard: 

Eiectricai and Signal Characteristics - Electrical and signal characteristics of the transmitted data in 
terms of signal voltage levels, impedances, and rates of change (see Figure 2-3). 
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Figure 2-3. EIA/TIA-232-E Electrical Specification 



Mechanical Interface Characteristics - Mechanical interface characteristics defined as a 25-pin D 
connector with dimensions and pin assignments specified in the standard. Although the standard only 
specifies a 25-pin D-type connector, most laptop and desktop PCs today use a 9-pin DB9S connector (see 
section 2.3.3). The reader should note the DCE equipment connector is male for the connector housing and 
female for the connection pins. Likewise, the DTE connector is a female housing with male connection pins. 

Handshake Information - A functional description of the interchange circuit enables a fully interlocked 
handshake exchange of data between equipment at opposite ends of the communication channel. 
However, V.24 defines many more signal functions than RS-232, but those that are common are compatible. 
Twenty-two of the twenty-five connector pins have designated functions, although few if any practical 
implementations use all of them. The most commonly used signals are also shown in subsection 2.3.3. 

It is worth noting that for applications that use the 25-pin D-type connector there is often a problem in 
communication due to different handshaking signals being employed by each system. 

2.3.1 EIA/TIA-232-E Electrical Specification 

All RS-232 circuits carry voltage signals with the voltage at the connector pins not to exceed ±25 V. Any pin 
must be able to withstand short circuit to any other pin without sustaining permanent damage. Each line 
should have a minimum load of 3 kCl and maximum load of 7 kQ, which is usually part of the receiver circuit. 
A logic 0 is represented by a driven voltage between 5 V and 15 V and a logic 1 of between -5 V and 
-15 V. At the receiving end a voltage between 3 V and 15 V represents a 0 and a voltage of between -3 
V and -15 V represents a 1. Voltages between ±3 V are undefined and lie in the transition region. This 
effectively gives a 2-V minimum noise margin at the receiver. 

The maximum cable length was originally defined in RS-232-C as 1 5 meters; however, this has been revised 
in EIA-232-D and EIA/TIA-232-E and is now more correctly specified as a maximum capacitive load of 
2500 pR This equates to around 15 to 20 meters of line length depending on cable capacitance. 

As mentioned in an earlier section, RS-232 specifies a maximum slew rate of the signal at the output of the 
driver to be 30 V/^is. This limitation is concerned with the problem of crosstalk between conductors in a 
multiconductor cable. The faster the transition edge is, the greater the amount of crosstalk. This restriction 
together with the fact that the drivers and receivers use a common signal ground and the associated noise 
introduced by the ground current severely limits the maximum data throughput. 

For this reason the RS-232 standard specifies a maximum data rate of 20 kbps. The standard also specifies 
the relationship between unit interval and rise time through the transition region (3 V to -3 V) or fy. This is 
the main difference between the D and the E revision. This is shown more clearly in Figure 2-2. EIA-232-D, 
with a data rate of up to 8 kbps, specifies the relationship between transition time and unit interv al or bit time, 
tk, to be 4% of the maximum data rate. Above 8 kbps, the transition time is relaxed to a 5-|u.s maximum 
independent of the data rate. Both the C and the E revision specify the ratio of t t /tfc to be 4% all the way up 
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to 20 kbps. One can extrapolate this further using the 4% figure. With the maximum slew rate of 30 V/ms, 
the maximum achievable data rate is 200 kbps; however practically this is limited to around 120 kbps. A 
number of software programs operate at transfer rates of 1 1 6 kbps. Furthermore, over longer line lengths, 
the maximum drive current of the line driver becomes the dominant feature affecting data rate displacing 
the 30 V/fxs slew rate. As the line length increases the load capacitance also increases requiring more 
current to maintain the same transition time. The curves shown in Figure 2-4 indicate the drive current 
required to maintain the 4% relationship at different data rates. In today's low-power systems, this level of 
output current is not sustainable at above approximately 20 kbps. In practice the line length is usually limited 
to around three meters for the higher data rates. Most drivers can handle the higher transmission rates over 
this line length without seriously compromising supply current. 
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Figure 2-4. EIA/TIA-232-E Driver Output Current vs. Cl 

The curves shown in Figure 2-4 were generated using the following equation, which is an approximate 
equation relating transition time tt, line capacitance C-j, receiver input impedance Rj, driver short circuit 
current Iq, and the initial and final line voltage (-3 V and 3 V) of the transition region, Vj and Vf respectively, 



t t = Rj x C 1 x In 



| R i x 'ol +■ n 
| R i * 'ol + Kl 



Turning this equation around with respect to C-j and cancelling Rj, Vj, and Vf we get: 
if 



C l4 X 



l t 



In 



U-1 



The voltage levels, Vf and Vj, used in this equation are the extremes of the transition region/ Assuming a 
typical driver short-circuit current of 20 mA and a receiver input resistance of 5 kQ, the typical time taken 
to pass through the transition region would be: 



V 



300 x C 1 seconds. 
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This equation can be manipulated further to gain a relationship of unit interval with line length in terms of 
load capacitance and short circuit driver current. The equation in Figure 2-5 assumes conformance to the 
4% rule. 

2.3.2 Calculating Maximum Line Length 

So far we have discussed line length in terms of load capacitance. For practical purposes we must not 
consider turning this value for load capacitance into true line length. The standard states a maximum line 
capacitance of 2500 pF. The input capacitance for a receiver of 20 pF leaves 2480 pF as the maximum line 
capacitance. 

We must next consider the type of cable to be used. Standard RS-232 cable as supplied by a number of 
manufacturers has a mutual capacitance of approximately 1 00 pF per meter. In addition to this we must add 
the stray capacitance. Stray capacitance varies considerably depending on whether the line is shielded. 

For shielded cable the stray capacitance it is typically double the mutual capacitance. As can be seen from 
Figure 2-5, for shielded cable the maximum line length is 20 meters, for unshielded cable it is over 40 
meters. 
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Figure 2-5. Calculating Line Length and Data Rate 
2.3.3 The DB9S Connector 

As mentioned earlier today's notebook, labtop, and many desktop PCs with their quest for reduced size, no 
longer use the standard 25-pin D-type connector detailed in the standard but have substituted it for a 9-pin 
D-type. This is commonly known as the DB9S connector. Like the 25-pin, the DCE connector is a male outer 
casing with female connection pins, and the DTE is a female outer casing with male connecting pins. 
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As the interface is now made up on only nine pins the handshaking lines have been reduced accordingly 
but still are sufficient for most applications. Figure 2-6 shows the pins assignments for the interconnect 
cable into the DTE connector. An explanation of the function of each signal is given in Figure 2-6. 
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Figure 2-6. RS-232 DB9S Interface 

Data Carrier Detect (DCD) - Received Line Signal Detector -The On condition on this signal line as sent 
by the DCE informs the DTE that it is receiving a carrier signal that meets its criteria from the remote DCE. 
In modems this circuit is held on as long as it is receiving a signal that can be recognized as a carrier. On 
half duplex channels, DCD is held off when RTS is in the On condition. 

Data Set Ready (DSR) - This is a signal turned on by the DCE to indicate to the DTE that it is connected 
to the line. 

Receive Data Line (RD) - The signals on the RD line are in serial form. When the DCD signal is in the Off 
condition the RD line must be held in the Mark state. 

Request to Sent (RTS) - The signal is turned on by the DTE to indicate it is now ready to transmit data. 
The DCE must then prepare to receive data. In half duplex operation, it also inhibits the receive mode. After 
some delay the DCE turns the CTS line on to inform the DTE it is ready to receive data. Once communication 
is over and no more data is transmitted by the DTE, RTS is then turned from on to off by the DTE. After a 
brief time delay to ensure that all data has been received that was transmitted, the DCE turns CTS off. 

Transmit Data Line (TD) - The signals on this circuit are transmitted serially from DTE to DCE. When no 
data is being transmitted the signal line is held in the Mark state. For data to be transmitted, DSR, DTR, RTS 
and CTS must all be in the Mark state. 

Clear to Send (CTS) - This signal is turned on by the DCE to indicate to the DTE that it is ready to receive 
data. CTS is turned on in response to the simultaneous On condition of the RTS, DSR and DTR signals. 

Data Terminal Ready (DTR) - This signal in conjunction with DSR indicates equipment readiness. DTR 
is turned on by the DTE to indicate to the DCE it is ready to receive or transmit data. DTE must be in the 
On condition before the DCE can turn on the DSR. When the DTR is turned off by the DTE, the DCE is 
removed from the communication channel following the completion of transmission. 

Ring Indicator (Rl) -The ring indicator is turned on by the DCE while ringing is being received and is a term 
left over from the use of the standard in telephone line modem applications. This is primarily used in 
auto-answer systems. 

Signal Ground (pin 5) - This is the ground that provides the common ground reference for all the 
interchange circuits and is separate from the protective ground. The protective ground is electrically bonded 
to the equipment frame and is usually directly connected to the external ground. Any static discharges are 
then routed directly to ground without affecting the signal lines. 
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While all these pins are assigned, once again not all equipment uses every pin. Consider the mouse that 
can use as few as four lines (Signal ground, Rl, TD and RD). Most equipment utilizes a minimum of RTS, 
DTR, TD, RD, CTS and DSR. 

Also of note is the usage of the DTE interface. The majority of equipment uses this interface and makes use 
of the null modem as a means of communication between DTEs. The null modem makes use of feeding back 
the RTS signal to the CTS line on each interface. Figure 2-7 details the connections for implementing a full 
null modem for the DB9S connector. 



Figure 2-7. RS-232 Null Modem 

2.4 SN75C185: Optimized PC Interface 

If we study the DB9S DTE interface further we see there are three transmit lines and five receive lines. This 
is an awkward combination for the standard RS-232 IC configurations in use today. Consider the ubiquitous 
SN75188 and SN75189 quadruple drivers and receivers. To implement this interface would require three 
ICs, one '188 and two '189s. Equal combinations of drivers such as the triple driver/receiver of the 
SN75C1 406 still require two chips to implement the interface. 

For this reason Tl has developed the SN75C185. By providing the exact combinations of driving and 
receiving elements, along with the necessary passive components, a highly-optimized solution can be 
provided - the SN75C185 is just that. The SN75C185 integrates three drivers and five receivers and 
includes the necessary capacitors for driver slew-rate limit (30 V/jlls) and receiver filter implementation, all 
in a single 20-terminal package. 

The designer's dilemma is eased further by the use of a flow-through pinout architecture (see Figure 2-8). 
By aligning one side of the SN75C1 85 with the pins of the DB9S connector and the other side to industry 
standard ACEs or UARTs, printed circuit board (PCB) layout can be greatly simplified. 
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Figure 2-8. The SN75C185 Used As An Optimized PC Interface 

Since its introduction in 1989, the footprint of the SN75C185 has become an industry standard. This 
provides for multiple sources and various semiconductor processes for addressing different design 
requirements. Tl and others have released cost-reduced versions at the expense of power and external 
components. The single-chip interface concept is also being applied to the peripheral (or DCE) end of the 
cable as well. 

2.4.1 SN75C1 85 Power Considerations 

System power consumption is often considered very late in the design cycle. Of even more concern is that 
the power consumption of the interface circuitry, being the least attractive circuit to design, is often totally 
overlooked. The consequences of this can be catastrophic especially when using devices in confined 
spaces. These areas normally have very poor air circulation causing the ambient temperature of the whole 
system to increase. 

These types of problems are particularly difficult to diagnose because failure can often be intermittent as 
devices pass into and out of thermal shutdown. 

For these reasons, low quiescent-power devices are becoming a necessity for modern applications. As 
digital technologies advance, their power consumption decreases, making the interface circuits the limiting 
factor as far as system power consumption is concerned. 

2.4.2 Interface Power Consumption Calculations 

Before the availability of the SN75C185 common implementations of RS-232 required one quad-driver 
package and two quadruple receiver packages; in the driver chip, one device is redundant and in the 
receiver chips, three devices are redundant. These devices would, however, still be taking their quiescent 
current and wasting power. In order to provide the interface signals, three integrated circuits were required 
while only two-thirds of the capability was being used. The calculations that follow demonstrate this 
difference. 
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When comparing the 'C185 solution to that provided by the SN75188 and SN75189 devices, the power 
saving is enormous (see Figure 2-9). 
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Figure 2-9. Power Supply Considerations 

Both implementations require three supply voltages, a 5V and ±12V supplies. The power dissipated, Pdj S , 
within each device is the quiescent power of the device, P q> plus the power dissipated in the input stage, 
Pj S , and the power dissipated in the output stage, Pqs» (when it is driving the line). 

Hence, 



dis 



= P q + nP js + mP 0S 



Where n is the number the active input stages and m is the number of active output states. 

SN75188/SN75189 Combination - Using the SN75188 for the driver, the quiescent power consumption 
would be 576 mW [Odd x 1 2 V) + Iss * 1 2 V], In addition to this the power dissipated in the input stage, Pj SC j: 



isd 



= V 



DD *IL 



12 V * 1.6 mA = 19.2 mW/driver. 



This is multiplied by 4 to take into account all four drivers, putting the fourth driver into a defined state so 
as to reduce any noise problems that could be introduced by leaving the input floating. 

The power dissipated in the output stage, Pqs> is: 

P OS = ( V DD " V OH) * iSf * (12 V " 9 V) *M = 9 mW / driV6r 
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This number is multiplied by 3 to take into account the three drivers active on the interface line. The sum 
gives a total power dissipation of: 

P dis = 576 mW + 4Vx 19.2 mW/driver + 3 V x 9 mW/driver = 680 mW. 
The junction temperature of a DIP device would then have risen by 75°C. 

Using the SN75189 receivers, a quiescent power of 130 mW would be dissipated by each package. The 
power dissipated in the output stage has a similar equation to that of the driver. 

p os ~ V QL x 'OL = 0,45 V x 10 nnA/receiver = 4.5 mW/receiver 

This power dissipated is multiplied by 5 to take into account the five receivers being used. The input stage 
can also dissipate some power. 

p ic = p = = 27 mW/receiver 

L 

Assuming three receivers in one SN75189 and two receivers in the other are being used, the power 
dissipated for the first receiver is: 

P djs = 130 + 3 x 27 + 3 x 4.5 = 206 mW. 
The power dissipated in the second receiver is: 

P dis = 130 + 2 x 27 + 2 x 4.5 = 183 mW. 
This raises the temperature of the first and second receiver by 25°C and 23°C respectively. 

The total power dissipated by the SN751 88/1 89 combination is the sum of these three powers, which equals 
1.1 W. 

Using the SN75C185 -The power dissipation of the SN75C1 85 can be calculated in a similar manner. The 
quiescent-power consumption of the SN75C1 85 is equal to: 

p q = V DD x 'dd + V SS x ! SS + V CC x ! CC 

= 12 V x 200 \iA + -12 V x 200 |iA + 5 V x 750 \iA 

= 8.55 mW 

The power dissipated in the input stage of the driver, Pj S , is: 
P js = V DD x | |L = 12 V x 1 = 12 

This is multiplied by three to take into account all of the drivers. 
The power dissipated in the output state of the driver, P os , is: 



P os =( V DD V Oh) x = (12 - 10) x 4£ = 6.67 mW. 



This number is multiplied by 3 to take into account the three drivers that are driving the interface line, 
resulting in a power dissipation of 20 mW. 
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The power dissipated in the output stage of the receiver, P os , has a similar equation to that of the driver, so: 
P os = V QL x l QL = 0.4 V x 3.2 mA = 1.28 mW 

This value is multiplied by 5 giving a total 6.4 mW of power dissipated in the receiver's output stages. 
The power dissipated in the input stage, Pj S , equals: 



This power dissipation also requires multiplying by 5, which gives a total input power dissipation of 1 67 mW. 
Then by summing all the power contributors, the total power dissipation is derived and is giving by; 



= 8.55 + 3x 12 x 10 -3 + 3 x 6.67 + 5 x 33.3 + 5 x 1.28 
= 201 mW. 

The total power dissipated by the SN75C1 85 is 201 mW 

This represents a tremendous power saving, especially when considering that the line is still being driven. 
The temperature rise within the SN75C1 85 would only be 22°C, enabling it to operate more reliably and with 
higher ambient temperatures. 

2.4.3 On-Chip Slew-Rate Limiting 

The EIA-232-E standard specifies a maximum slew rate through the transition region of 30 V/jus. Relating 
this to capacitance and current, only 100 juA of output current into 30 pF load capacitance is needed to 
exceed the slew-rate limit. All devices are capable of supplying more that 5 mA. Therefore, if the slew rate 
limit is not to be exceeded, the switching speed of the driver's output stage needs to be reduced. An 
established solution is to place loading capacitors on the output of the driver. The value of the loading 
capacitor required depends upon the line length, but it is generally in the order of 330 pF. The effect of this 
capacitor causes the output transistors to saturate, causing it to short circuit current limit, thus preventing 
fast switching edges. 

There are some major problems with this established process; one being the variance in current at which 
the output short-circuits as well as the line length. For example, a device capable of sourcing 1 0 mA needs 
a total capacitance of 330 pF placed on its output to meet the 30 V/ps slew rate limit. Placing this value across 
a device capable of sourcing 4 mA has its slew rate limited to less that 12 V/(is. 

Another problem encountered is the increase in power dissipation through the output stage. The output 
voltage of the driver is normally close to one supply rail, so when it tries to switch to the other, the active 
transistor has most of the supply voltages across it. The extra external capacitor holds the driver's voltage 
close to the supply voltage causing the output transistor to source a large amount of current. The 
combination of the large source current and large voltage causes it to dissipate large amounts of power. 
Operating at these prolonged bursts of high current ultimately increases the chip temperature, which can 
affect the long-term life of the device. Bipolar technologies are normally much better able to withstand such 
effects. 

A better solution, and the one employed by the drivers in SN75C1 85, is to place the slew-rate limiting within 
the chip itself. Using similar techniques to those employed for slew-rate-limited operational amplifiers, the 
slew rate of line drivers can also be limited. Using the Miller capacitance multiplying effect, the slew rate of 
the driver can be slowed down. The biasing current to the output transistors is unaffected by this technique 
and are more than sufficient to drive the 3 kQ load as offered by the receiver. 




= = 33.3 mW/receiver 



dis 



= P q + 3P js + 3P 0S + 5P js + 5P, 



OS 
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2.4.4 Internal Noise Filtering 

The EIA-232-E standard states a maximum line cable capacitance of 2500 pF, which corresponds to an 
approximate line length of 20 meters. As the interface line gets longer, it becomes more susceptible to noise 
pick up from the surrounding environment. 

For operation at high data rates, the use of the differential line might be the best solution. If however, a 
low-cost and simple single-ended solution is required, then standard RS-232 devices can be modified to 
give noise protection. This is achieved by slowing down the response of the receiver's input. The maximum 
data rate specified in the standard is 20 kbps, corresponding to a minimum pulse period of 1 00 us. Therefore, 
in normal applications, most devices are far faster than specification requires. 

To slow down older bipolar receivers such as SN75189s, a capacitor needs to be placed on each of its 
response control terminals. This means an additional four capacitors per device, which can be awkward and 
costly. The effect of this response control capacitor is to set up a low-pass filter on the receiver's input. In 
order to provide long pulse rejection, the capacitor needs to be quite large. Furthermore, the filter response 
is asymmetric, affording protection against positive noise voltage spikes only, negative spikes are 
unaffected, and tends to attenuate rather than reject short noise pulses. 

Receivers in the SN75C185 integrate on-chip filtering that reject fast transient noise pulses. The on-chip 
filters are more precise than filters implemented using external passive components. These filters are totally 
symmetrical, offering protection against both positive and negative noise pulses, and have the ability to 
reject, rather that attenuate, short noise pulses. To approach the level of filtering offered by the 'C185 
receivers, the standard '1 88-type receivers require much larger capacitors but still falls well short of filtering 
requirements. 
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3 Interface Circuits for RS-485, 

3.1 The Need for Balanced Transmission Line Standards 

This section focuses on industry's most widely used balanced transmission line standard, the EIA RS-485 
(referred to hereafter as RS-485). After reviewing key aspects of the RS-485 standard, you are introduced 
to the practicalities of implementing a differential transmission scheme based on a factory automation 
example. Finally, new additions to Texas Instruments EIA product line are discussed along with their 
application, where appropriate. 

Data transmission between computer system components and peripherals over long distances and under 
high-noise conditions usually proves to be very difficult, if not impossible, with single-ended drivers and 
receivers. Recommended EIA standards for balanced digital voltage interfacing provide the design 
engineer with a universal solution for long-line system requirements. 

RS-485 is a balanced (differential) digital transmission line interface developed to incorporate and improve 
upon the advantages of the current-loop interface and improve on the RS-232 limitations. The advantages 
are: 

• Data rate - 1 0 Mbps and beyond 

• Longer line length - up to 1 .2 km 

• Differential transmission - less noise emissions 

3.1.1 Application Areas 

The RS-485 allows bidirectional multipoint party-line communication and can effectively be used for 
mini-LAN applications, such as data transmission between a central computer and remote intelligent 
stations. For example, a typical application could be RS-485 lines between point of sales terminals and a 
central computer for automatic stock debiting. 

As a result of its versatility an increasing number of standard's committees are embracing the RS-485 
standard as the physical layer specification of their communications standard. Examples include the ANSI 
(American National Standards Institute) Small Computer Systems Interface (SCSI) that is featured in 
Section 4, the Profibus standard, and the DIA Measurement Bus. 
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Figure 3-1. RS-485 Specification Highlights 
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3.1.2 RS-485 

The balanced transmission line standard RS-485 was developed in 1983 to interface a host computer's 
data, timing, or control lines to its peripherals. The standard specifies the physical layer only. Protocols, 
timing, serial or parallel data, and connector choice are all left to be defined by the designer. 

RS-485 was originally defined as an upgrade to and a more flexible version of RS-422. Where RS-422 
facilitates simplex communication only, RS-485 allows for multiple drivers and receivers on a single line 
facilitating half-duplex communication. Like RS-422 the maximum line length is not specified but based on 
24-AWG cable, it is nominally around 1 .2 km. Maximum data rate is unlimited and is set by the ratio of rise 
time to bit time, similar to RS-232. In many cases it is the length of the cable that limits the data rate more 
that the drivers due to transmission line effects and noise (see Section 1). 

The differences between RS-485 and RS-422 lie primarily in the driver features that allow reliable multipoint 
communications. 

3.2 Process-Control Design Example 

To fully understand the considerations of designing an RS-485 system it is advantageous to take a specific 
design example. In this case we consider a factory automation system with a host controller and several 
out-stations. Each out-station is capable of transmitting as well as receiving data. 

The system has the following features and a general system specification is shown in Figure 3-2. 

• Furthest out-station is 500 m from the host controller 

• We require up to 31 out-stations on the line. With the host controller this totals 32 stations in total. 

• System data rate is 500 kilobits per second. 

• Only one cable is used for data transmission operating in half-duplex mode. 



Host System 



Station 
One 



£2 



Station 
Two 



Station 
. . . n 



Considerations: 



Signal Attenuation 
Line Loading 
Cable Choice 
Fault Protection 
Stub Lengths 
Termination 



System Specifications: 



• 500 m Furthest Station 

• 32 Stations 

• 500 kbps 

• Asynchronous Half-Duplex 
Communication 



Figure 3-2. Process Control Design Example 

3.3 Line Loading 

RS-485 takes into account the need for line termination and the subsequent loading on the transmission 
line. The decision on whether to terminate the line or not is system dependent and is affected by the choice 
of the maximum line length and data rate. 
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Line Termination - As we discussed in Section 1 , the test for whether a transmission line is to be considered 
as a distributed parameter model or a lumped parameter model is dependent upon the relationship of signal 
transition time, fy, at the receiving end and the propagation time, t pc j, of the signal down the cable. The 
threshold between the two types of transmission line is given by the following equation: 

2t P d = *i 

If we build a margin of error into this equation a better test is to determine the relation of twice the transition 
time to 5 times the propagation delay: 

If the relationship 2t pc | > 5tt is true, then the transmission line must be treated as a distributed parameter 
model and terminated accordingly. 

If the opposite is true than, 

the transmission line can be treated as a lumped parameter model and termination is not necessary. 

To transmit data at the design goal of 500 kbps and comply with RS-485, the input transition time can be 
no more than 0.3 times the unit interval (ui). This establishes an upper limit on the transition time of: 



t t < 0.3 x ui 

t < 0.3( * A 

1 \500 x 10 3 / 

t t < 60 x 10" 9 s 



If we could obtain a cable with a phase velocity equal to that of the speed of light in a vacuum, the propagation 
delay of the cable would be 3.33 ns/m multiplied by 500 m or 1 ,665 ns. Using the criteria for determining 
that we have a transmission line: 

t t 

2t P d * i 

3,333 > 12 



With the slowest possible signal transition and the fastest phase velocity, we have a transmission line. Using 
real-world components would only substantiate the fact that our 500 m half-duplex transmission line must 
be terminated at both ends. 

The Unit Load Concept - The maximum number of drivers and receivers that can be placed on a single 
RS-485 communication bus depends upon their loading characteristics relative to the definition of a unit load 
(UL). The RS-485 standard recommends a maximum of 32 ULs per line. 

One UL (at worst case) is defined as a load allowing 1 mA of current under a maximum common-mode 
voltage stress of 1 2 V or 0.8 mA at -7 V. ULs may consist of drivers and/or receivers and fail-safe resistors 
but does not include the ac termination resistors. 

The example in Figure 3-3 shows a UL calculation for the SN75ALS176B. Since this device is internally 
connected as a transceiver (i.e., driver output and receiver input connected to the same bus) it is difficult 
to obtain separate driver leakage and receiver input currents. For this calculation reference is made to the 
receiver input resistance, 12 kQ, giving a transceiver current of 1 mA. This can be taken to represent 1 UL, 
which allows up to 32 devices to be connected to the line. 
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RS-485 Standard Specifies 

• Up to 32 ULs Doubly Terminated 
With 120 ft 

• A UL That Allows 1 mA of Current 
Flowing Under a Maximum Common- 
Mode Voltage Stress of 1 2 V and -7 V 




DE 



SN75ALS176B 



ittn 



RE' 



SN75ALS176B (30 Mbps Transceiver) 

IL = 1 mA @ 12 V (Worst Case) Receiver Enabled 
UL = 1= 1 UL 

T 

(i.e. 32 = 32 Transceivers/ Transmission Line) 



B 



Figure 3-3. The Unit Load Concept 

Obviously it may be possible to connect more devices than the number given in the RS-485 
recommendation, but this is at the designer's risk. 

3.3.1 Signal Attenuation 

Section 1 .3 discusses attenuation in more detail but a rule of thumb for allowable attenuation is -6 dBV. 
Attenuation figures are usually supplied by cable manufacturers. The curve in Figure 3-4 shows the 
attenuation change versus frequency for 24-AWG cable. For 500 meters of cable and using 6-dBV, the 
maximum attenuation that can be tolerated is 0.35 dBV/30 meters. In this case, the 500 kbps data-rate 
frequency components of the signal up to 1 0 Mbps is still detectable at the receiver. This effect coupled with 
the variation of signal velocity with frequency (termed dispersion) results in distortion of the pulse at the 
receiving end of the line. 
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ATTENUATION 
vs 

FREQUENCY 
(IN 24 AWG TWISTED-PAIR CABLE) 



• DC Resistance Plus Skin Effect 



• Nonlinearity Due to Proximity 
and Radiation Loss 



• Details Normally Provided by 
Cable Manufacturers 



Maximum Allowable Attenuation 



6 dBV Measured at Receiver 
(Half-Driver Output Voltage) 



1k 10 k 100 k 1M 10 M 

f - Frequency Hz 

Figure 3-4. Signal Attenuation 

The simplest way to determine the affects of random noise, jitter, attenuation, and dispersion is with the use 
of eye patterns. For information on how to set up eye patterns, refer to Section 1 .4 of this document. 
Figure 3-5 shows the distortion of the signal at the receiving end of 500 meters of 20 AWG twisted-pair cable 
at different data rates. Using the system constraint of 500 kbps, we see the distortion is limited to the 
rounding of the signal pulse. When the data rate is increased further, the affects of jitter then become 
noticeable. In this case, at 1 Mbps, we begin to observe 5% jitter. At 3.5 Mbps we start to loose the signal 
completely and the quality of transmission is severely degraded. The maximum allowable jitter in a system 
should be limited to 5%. The causes of jitter are discussed in more detail in subsection 1 .4.2. 
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500kbps 



1/PtoNRZ 
Generator Signal 
at Receiving End 




1000 kbps 



500 ns/Div 



0% Jitter 




200 ns/DIv 



5% Jitter 



TEST CONDITIONS 

• 20 AWG NonShielded Twisted- Pair Cable. 
(Belden Reference Type 8205). 

• 500 Metres 

• Doubly Terminated With 100 Q 

• SN75176B-Type Transceiver at Both Ends. 



3500 kbps 




100 ns/Div 



50% Jitter 



Figure 3-5. RS-485 Signal Distortion vs Data Rate 
3.3.2 Fault Protection and Fail-Safe Operation 

Fault Protection - Factory control applications generally require protection against excessive noise 
voltages. The noise immunity afforded by the differential-transmission scheme, and in particular the wide 
common-mode voltage range of RS-485 may be insufficient. Protection can be accomplished in a number 
of ways. The most effective being through galvanic isolation, which we discuss later. Galvanic isolation 
provides good system-level protection but requiring a higher cost. A less expensive solution can be 
accomplished by the use of protection diodes but with a lower level of protection. 

Figure 3-6 shows how external diodes offer transient spike protection for the SN75ALS176 RS-485 
transceiver. 



■f — VvV— # 



Z1 
Z3 



12 V 



6.8 V 



Z2 
Z4 



Noise 



SN75ALS176B 



Rfr Rq = 120Q 

Z1 = Z2 = BZX 85 Rated at 12 V 

Z3 = Z4 - BZX 85 Rated at 6.8 V 



RE DE 



Figure 3-6. Input Protection for Noisy Environments 
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Rj is the usual termination resistance and is equivalent in value to the characteristic impedance of the line. 

Z1 and Z2 are chosen to protect the input from positive noise voltage spikes greater than 1 2 V while Z3 and 
Z4 protect the device from negative-going spikes greater than -6.8 V. The peak voltage at the peak current 
rating of Z1 and 72 should be less than the absolute maximum ratings of the device. 

Fail Safe Operation -The feature of fail-safe protection is also a requirement in many RS-485 applications; 
however, its usefulness needs to be considered and understood at an application level. 

The Need For Fail-Safe Protection - In any party-line interface system with multiple driver/receivers, there 
are long periods of time when the driving devices are inactive. This state is known as line idle and occurs 
when the drivers place their outputs into a high-impedance state. During line idle, the voltage along the line 
is left floating (i.e., indeterminate - neither logic-high nor logic-low state). As a result, the receiver can be 
falsely triggered into either a logic-high or logic-low state, depending upon the presence of noise and the 
last polarity of the floating lines. This is obviously undesirable as the circuitry following the receiver could 
interpret this as valid information. It becomes desirable to detect such a situation and place the receiver 
outputs into a known and predetermined state. The name given to methods that ensure this condition is 
called fail safe. An additional feature that a fail safe should provide is to protect the receiver from shorted 
line conditions, which can again cause erroneous processing of data. 

There are several ways to implement a fail safe, including a hard-wired fail safe using line bias resistors or 
with protocols. Protocols, although complicated to implement, are the preferred method. However, since 
most system designers, hardware designers in this case, prefer to implement such functions in hardware, 
a hard-wired fail safe is most often implemented. 

A hard-wired fail safe should provide a defined voltage across the receiver's input regardless of whether 
the signal pair is shorted together or is left open circuited. The fail safe should also be incorporated into the 
line termination, if present, when at the extremes of the line. 

Internal Fail Safe - Manufacturers have gone part way to facilitating fail-safe design by including some form 
of open-line fail-safe circuitry within the integrated circuits. The extra circuitry is quite often just a large pullup 
resistor on the noninverting receiver input and a large pulldown resistor on the inverting input of the receiver. 
These resistors are normally in the range of 100 kQ and, when used in conjunction with line termination 
resistors (typically 50 Q to 1 00 £2) to form a potential divider, only a few millivolts are generated differentially. 
As a result, this voltage (receiver threshold voltage) is insufficient to assume the receiver state. To use these 
internal resistors effectively means no line termination resistors can be used, which reduces the allowed 
reliable data rate significantly. 

External Fail-Safe Open-Line and Terminated Conditions - A more reliable way of offering open-line 
fail safe is to use external pullup and pulldown resistors at one, and only one point on the bus (see 
Figure 3-7). There are two basic ways of doing this; one way is to polarize the line with the pullup/pulldown 
resistors and use these resistors to match the line impedance. Another way is to use large polarizing 
resistors while using an extra resistor to terminate the line. The first idea has one advantage in that it 
provides a low-impedance path to ac ground, so that any common-mode currents induced on the line have 
a low-impedance path to ground. However, a problem can be encountered with this method because the 
driver output now has to drive much lower common-mode impedances. If the driver output current capability 
is marginal, the device could go into output short-circuit current limit. The second .way, although requiring 
an extra resistor, does not load the driver's output to such an excess. 
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Figure 3-7. External RS-485 Fail Safe for Open- and Terminated-Line Conditions 

Placing external pullup and pulldown resistors, R1 , on the noninverting and inverting inputs of the receiver 
produce an open-circuit fail safe. Terminating the transmission line with its characteristic impedance, Zq, 
with R2 produces a potential divider between 2R1 and R2. The voltage formed across the line, Vqdz» equals 



V ODZ V CC x 2R 



R2 
2 



+ R2 



Devices meeting the RS-485 receiver threshold voltage specifications require V|d to be greater than 
200 mV. From this the relationship of R1 to R2 can be derived: 

R1=R2xlx V C<; ~ V ODZ 
4 V ODZ 

With V cc = 5V, Vqdz = 200 mV and Z 0 = R2 = 100 Q, yields R1 = 0.6 kQ. 

Biasing the receiver in this way only provides open-line fail safe, it does not provide shorted-line fail safe. 
However, when using transceivers like the SN75ALS176, it is impossible to provide shorted-line fail safe 
configuration since the driver and receiver share the same IC terminals. For devices like the SN75ALS1 76 
this open-line configuration is the only hard-wired fail safe available. 

This termination uses 20 of the allowed 32 unit loads, leaving 1 2 available for transceiver connections, see 
Figure 3-7 (b. 

External Fail Safe With Shorted-Line Conditions - To implement protection from the shorted-line 
condition, more resistors are required. When the line is shorted the transmission line's impedance goes to 
zero and the termination resistors are also shorted. Putting extra resistors in series with the input to the 
receiver can provide shorted-line fail-safe protection. 



The extra resistors, R3 in Figure 3-7, can only be added when using devices with separate driver outputs 
and receiver inputs. Internally wired transceivers cannot be used for shorted-line fail safe. If this form of 
protection is required then a device such as the SN75ALS1 80, with it separate driver outputs and receiver 
inputs, should be used. If a transceiver type device is used then the extra R3 resistors would cause extra 
attenuation of the output signal. The 'ALS180 has its driver outputs fed directly to the line, then bypassing 
the R3 resistors. 



R3 R1 




^ fyVV > **^V^fy ' *** 

AS SEEN BY DRIVER OUTPUT 
VCC 



See Note A 




SN75ALS180 WITH SHORT-CIRCUIT 
AND OPEN-CIRCUIT FAIL SAFE 



AS SEEN BY RECEIVER INPUT 

NOTE A: Cannot implement short-circuit fail safe with SN751 76 type transceiver. 

Figure 3-8. ShorWOpen-Circult Fail Safe 

Calculating The Resistor Values - If the line becomes shorted, R2 is removed from the circuit leaving a 
voltage across the receiver inputs of: 

v — \/ v 2R3 
V ID - V CC X R1 + 2R3 

For RS-485 applications the standard specifies the maximum input voltage threshold (V| j) to be greater than 
200 mV. So, a known state can be assumed when Vjd > Vjj or Vjq > 200 mV. This condition becomes the 
first design constraint. 



D V 



2R3 



CC R1 + 2R3 



> 200 mV 



When the line goes into a high impedance state, the receiver sees the two R3s in series with R2 plus the 
two R1 s pulling up and down on either input. The receiver input voltage is now: 



V„ 



R2 + 2R3 



ID V CC"2R1 + R2 + 2R3 
Relating this new Vjd to the minimum specified in the standard, Vj j, gives the second design constraint: 



2) V, 



R2 + 2R3 
CC A 2R1 + R2 + 2R3 



> 200 mV 
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The transmission line sees an effective line termination resistance of R2 in parallel with twice the sum of 
R1 and R3. This should match the transmission line's characteristic impedance, Zq, and therefore provides 
a third constraint of: 

3) Z Q = 2R2 x 2R1 + 1 R2+ 3 2R3 
The fourth and final constraint comes from the signal attenuation that the fail-safe circuit causes. 
3.3.3 Galvanic Isolation 

Computer and industrial serial interfacing are areas where noise can seriously affect the integrity of data 
transfer. A proven route to improved noise performance for any interface system is galvanic isolation. 

Such isolation in data communication systems is achieved without direct galvanic connection or wires 
between drivers and receivers. Magnetic linkage from transformers provide the power for the system, and 
optical linkage provides the data connection. Galvanic isolation removes the ground loop currents from data 
lines; and, hence, the impressed noise voltage that affects the signal are also eliminated. Common-mode 
noise effects can be completely removed and many forms of radiated noise can be reduced to negligible 
limits using this technique. 

For example consider the case of a process control system where the interface node, shown in Figure 3-9, 
connects between a data logger and host computer via a RS-485 link. 




Isolated Ground 



NOTES: A: The line matching resistor, Rj, is used only at the ends of the cable. Terminated 
fail-safe circuitry may also be included at one point on the bus. 
B. Shield should be terminated to each chassis ground and earth ground at one point 
only, the third-wire ground should be earth grounded at one point only. 

Figure 3-9. Process Control SN75LBC1 76 
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When an adjacent electric motor starts up, a momentary difference in ground potentials at the data logger 
and at the computer may occur due to a surge in current. If no isolation scheme is employed for the data 
communication path, data may be lost during the surge interval and, in the worst case, damage to the 
computer could occur. 

Circuit Description - The schematic shown in Figure 3-9 forms a one node interface for a distributed 
controlling, regulation, and supervision (DSCRS) system. Such a scheme could be used in a process control 
application. Transmission takes place via a two-wire bus, formed by a twisted-pair and ground wire with an 
overall shield connected in a ring circuit. Low power is useful in this type of application since many remote 
outstations are either battery operated or require battery backup capability and the size of the isolation 
transformer can be kept small. The bus driver used is the SN75LBC176. It was chosen for its low power 
consumption. 

Galvanic isolation is provided by means of three optocouplers/optoisolators. The 6N136 is chosen for its 
high data rate capability, t p = 75 ns (max), and its high voltage isolation. 

The 6N136 is designed for use in high-speed digital interfacing applications that require high — voltage 
isolation between the input and the output. Its use is highly recommended in extremely high-ground-noise 
and induced-noise environments. 

The 6N1 36 consists of a GaAsP light-emitting diode and integrated light detector, compose of a photo diode, 
a high-gain amplifier and a Shottky-clamped open-collector output transistor. An input diode forward current 
of 5 mA switches the output transistor low, providing an on state drive current of 13 mA (eight 1 .6 mA TTL 
loads). A TTL input is provided for applications that require output transistor gating. 

Housed in a single 8-terminal dual-inline-plastic package, the 6N1 36 is characterized for operation over the 
temperature range of 0°C to 70°C. The internal Faraday shield provides a common-mode transient immunity 
of 1000 Vps. 
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4 Interface Circuits for SCSI 
4.1 SCSI Overview 

Small Computer Systems Interface (SCSI) details the ANSI specification for a peripheral bus and command 
set. The specifications defines a high-performance peripheral interface that distributes data independently 
of its host, helping to free up the host for more user-oriented commands. Already there are a large number 
of disk drives, notebook PCs and CD-ROM drives incorporating a SCSI port (see Figure 4-1). 




• Multipoint Half-Duplex Transmission 

• 1 8 (8-Bit Data) or 27 (1 6-Bit Data) I/O Lines 

• Single-Ended and Differential (RS-485) Interface 

• 25-Meter Line Length for Differential SCSI 

• Up to 10 Million Data Transfers Per Second 

Figure 4-1. Typical SCSI Peripheral Bus Layout 

Basic SCSI is an 8-bit parallel I/O bus with a parity checking line and nine control/handshake lines making 
18 lines total. More recently, in order to increase the data throughput, the data bus has been increased to 
1 6 bits with two parity bits while maintaining the nine control lines, making a total of 27 lines. This is referred 
to as Wide SCSI. 

4.1.1 SCSI Physical Layer 

There are two electrical specifications referred to in the SCSI standard — single ended and differential. 

It is beyond the scope of this section to discuss the complete SCSI standard, we shall concern ourselves 
here with the physical layer only. For more information on the standard you are encouraged to refer to the 
numerous publications on SCSI. 

Single-Ended Interface - The single-ended driver and receiver configuration utilizes TTL logic levels and 
is primarily intended for applications with a cabinet, the maximum line length being limited to 6 meters and 
the data rate is normally limited to 5 million transfers per second (Mxfers/s), although careful system design 
can create a maximum transfer rate up to 1 0 Mxfers/s. 

Differential Interface -The differential driver and receiver configuration uses the EIA RS-485 standard and 
is primarily concerned with transmitting data between cabinets, on heavily loaded buses, or in high-reliability 
systems with a maximum line length of 25 meters and data rates up to 1 0 Mxfers/s. 
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4.2 Single-Ended SCSI 

4.2.1 Termination of Single-Ended Bus 

Termination of the single-ended SCSI bus is becoming increasingly important as designers strive for faster 
system speeds. If error-free data rates of 1 0 Mbps over a 6-meter bus are to be achieved then signal integrity 
must be preserved. Termination reduces unfavorable transmission line effects such as reflections and 
distortion that can degrade system performance as signal speeds increase. Proper termination of 
bidirectional buses, such as SCSI, require terminators at each end of the cable. 

4.2.2 Signal Transitions 

The potential for high rates depends upon quick, clean transitions between low and high signal levels. The 
range of SCSI signals is shown in Figure 4-2. A low to high transition or deassertion of a signal is initiated 
by an open collector driver switching off and causing an instantaneous voltage step to travel down the line. 

3 



2.85 V Typical SCSI Open Circuit Voltage 
2.5 V SCSI Minimum Voltage for Deasserted Signal 

2 V SCSI Minimum Voltage for Deasserted Signal 



0.8 V Maximum Voltage for Asserted Signal 

0.5 V SCSI Maximum Voltage for Asserted Signal 

0.2 V Typical Driver Asserted Signal 



Figure 4-2. SCSI Bus Signal Range 

The size of the first step on deassertion depends upon the amount of current in the line (y, the characteristic 
line impedance seen by the signal (Zq), and the driver low-level output voltage (Vql)» and can be calculated 
as follows: 



v s = 



V OL + Z 0 



To achieve the maximum data rate the first step needs to exceed the receiver threshold voltage in a single 
transition. Although the 110 Q impedance of a typical SCSI ribbon cable suggests that this requires only 
limited line-current capability, the impedance seen by a signal is always less than half the specified cable 
value. Extra capacitance due to peripheral connections to the bus, transmission line effects, and the position 
of the signal source can all combine to reduce the effective impedance to 30Q or less. 

To make up for this low impedance, it is the terminator's job to source as much current as possible during 
deassertion. This role is restricted by the SCSI specification, however, which limits each terminator to 
supplying a maximum of 24 mA to prevent the line current from exceeding the 48 mA current sink limit of 
the open collector drivers. 

The role of the SCSI terminator is not confined to low-to-high signal transitions. Once a signal has been 
deasserted the terminator is required to bias the bus lines to the correct open circuit voltage level and 
thereby provide maximum noise margins. 
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4.2.3 Passive and Active SCSI Termination 

SCSI termination has traditionally been carried out using passive termination networks. As illustrated in 
Figure 4-3 these consist of two resistors for each signal line; a 220 Q pullup resistor connected to the 
termination power source (TERMPWR), and the 330 CI pulldown resistor connected to ground. A Shottky 
diode is needed by all termination schemes to protect the power source from reverse currents. 
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Figure 4-3. Single-Ended SCSI Termination 

This type of termination at each cable end typically results in a maximum line current of around 34 mA. 
Assuming the terminator is on a heavily loaded bus, signified by an impedance of approximately 32 Q, the 
equation in Figure 4-3 gives a first step value of 1 .76 V - well short of the desired 2-V level. 

In additional to this limited current capability and the power consumption penalty imposed by the resistor 
dividers, passive terminators also suffer from an unregulated line bias voltage. As a result the line voltage 
fluctuates with variations in the load current and TERMPWR leading to smaller noise margins and reduced 
data rates. 

The most common alternative to passive termination replaces the resistive network with a voltage regulator 
in series with a single 1 1 0-Q resistor for each line (see Figure 4-3). This method, known as Active, Boulay, 
or alternative 2 termination, was developed to overcome two of the main shortcomings of passive 
termination. 
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The 110 Q resistors increase the typical line current available on deassertion to 42 mA, which, from a 
transmission line viewpoint, is equivalent to a 35% increase in load impedance. The line current and the 
high-level noise margins are also more stable since TERMPWR is no longer used to set the bias voltage 
directly. Instead it is used to form the input to the voltage regulator, which then provides a regulated bias 
voltage (see Figure 4-4). 
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Figure 4-4. Current-Source Termination 
4.2.4 Current-Source Termination Using the SN75LBC968 

There are numerous analog problems associated with driving the single-ended SCSI bus and single-ended 
parallel buses in general. The SN75LBC968 addresses most of them. This devices exhibits Jhe analog 
performance to maximize first-step assertion levels in wired-OR lines and minimize radiated emissions, 
crosstalk, and radiated emission susceptibility. 
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Figure 4-5. High First-Level Step Comparisons 



The fundamental cause of the low first-step level is added loading of the bus with distributed capacitance 
from the attached devices. The '968 addresses this by offering a lower capacitance to the bus of only 1 3.5 
pF and nearly one-half of the maximum allowed by standard. The current-mode termination of the 
SN75LBC968 supplies a constant current to the line when the bus voltage falls below 2.5 V. This makes the 
termination current (and the next low-to-high voltage step) independent of the low-level (asserted) bus 
voltage, unlike voltage-mode terminators. The constant current supplied by the '968 provides 16% more 
minimum current than Boulay termination and 33% more than passive termination. This extra current 
translates directly to first-step noise margin. The line drivers of the SN75LBC968 have a feature that was 
introduced in the SCSI standards to address the first-step problem and is called active negation. This active 
negation is a controlled amount of output current from the driver during the transition from assertion to 
negation and is now required on the highest speed versions of SCSI. 

As we know, there is a capacitance between parallel conductors that is a function of the dielectric, distance, 
and conductor shape. We also know that the magnitude of the current through a capacitor is the product 
of e, co, and C, where e is the voltage across the capacitance, C is the capacitance, and co is the angular 
frequency (2rcf) of the signal. In a parallel data bus, the current through this coupling capacitance generates 
a noise voltage in adjacent signal lines and, if large enough, can cause erroneous interpretation of the signal 
logic state. This is crosstalk and is a major limitation to the ultimate data transfer rates of single-ended 
parallel buses. 

Since there is usually little that can be done with C or e, the SN75LBC968 driver circuit reduces the amount 
of crosstalk by limiting co. The highest frequency in a binary signal is present in the transition between logic 
states. By necessity, three to five times the fundamental switching frequency is required to adequately define 
the instance between states. However, energy at higher frequencies is not needed for data transmission 
and can only lead to more emissions and crosstalk. 

Since all single-ended SCSI drivers may not be as analog friendly as the '968s, the receiver of this device 
has a noise filter and a large amount of input hysteresis to reject all but the wanted signals. The noise filter 
rejects voltage spikes less than 5 ns while the 600 mV of hysteresis rejects lower frequency noise with 
magnitudes below this level. These features not only help reject crosstalk-induced noise, but make the bus 
less susceptible to noise from sources outside the bus as well. 

Nine current-mode terminators have been integrated with nine-lines drivers and receivers that provides a 
common multiple to the byte-parity-arranged SCSI bus. With the nine control lines, an 8-bit SCSI bus can 
be implemented with two transceivers, a 1 6-bit bus with three, a 32-bit bus with five, and so on. The other 
features of this device, such as 3-V logic compatible inputs, power-up/-down glitch protection, and shrink 
small-outline packaging with flow-through architecture, make this an excellent solution to driving high-speed 
parallel data buses with single-ended signals 

4.2.5 Power Considerations 

As well as enabling increased date rates, termination also increases the power consumption of a SCSI 
system. As SCSI has found increased usage in portable or battery powered systems, this has become more 
important. Exactly how much more power is needed depends upon the method of termination, but this is 
not quite as obvious as it may first seem. 

During data-on periods, the power dissipation of each of SCSI termination method is very similar. For an 
8-bit bus with all the data lines asserted, the power dissipation in the termination is approximately 1 W. 

During data-off periods the position significantly changes. The resistor dividers of a passive terminator still 
draws around 750 mW of power. Both the SN75LBC968 and Boulay terminators, however, require a total 
quiescent current of less then 10 mA, providing a 30x saving in power consumption. 
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4.3 Differential SCSI 

4.3.1 SN75LBC976DL: Two-Chip Differential SCSI 

Much debate has taken place on differential versus single-ended SCSI for data rates above 5 million 
transfers per second (Mxfers/s). It is clear, however, that for data rates approaching 1 0 Mxfers/s and at line 
lengths in excess of a few meters, differential SCSI is essential. 

As we discussed earlier, the standard 8-bit interface is made up of eight data lines, one parity bit, and nine 
control lines, making 1 8 channels in total. The only differential transceivers capable of transmitting at a 1 0 
Mxfers/s data rate have utilized the low-power schottky (LS) and advanced low-power schottky (ALS) 
technologies. Using these technologies and considering the 18 transceivers for each interface, the power 
consumption is quite considerable, 2.4 W with all drivers disabled. Turn the drivers on and the power 
consumption rises to nearly 4 W. 

From a designer's viewpoint, 2.4 W is a considerable amount of heat to remove from a system. This is 
evident in the case of compact hard disk drives where equipment size is a limiting a element. A further factor 
is board area, using one discrete transceiver foe each channel (i.e., eighteen 8-pin SO packages) is 
unacceptable for many applications. 

From a semiconductor designer's view point, integrating a number of transceivers is of course possible 
however, the limiting factor once again is power dissipation. The SN75LBC976 is designed to overcome 
both the problems of power dissipation and integration (see Figure 4-6). The device incorporates on a single 
IC, nine RS-485 configurable transceivers, each capable of transmitting at 10 Mxfers/s. This is made 
possible using LinBiCMOS™ technology. With all drivers disabled, the quiescent power consumption of the 
'LBC976 is a mere 1.5 mW, with all drivers enabled the quiescent consumption rises to 45 mW, a 
considerable saving over LS and ALS parts. The package size has also been reduced to a minimum using 
the 0.635 mm pitch 56-pin shrink small-outline package (SSOP) which reduces board area significantly 
compared with alternate packages such as plastic leaded chip carrier (PLCC). The reader should note that 
irrespective of the device power, there is still the relatively high line current. The SSOP package has been 
thermally enhanced to handle this level of power dissipation. We will cover this point later as we look at the 
thermal characteristics of the package. 




• Thermal and Current Limit Protection 

• > 1 0 Million Transfers Per Second (Mxfers/s) 

• Space Efficient Package (11x16 mm Footprint) 

• 1.4 mA Standby Supply Current 
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Figure 4-6. The SN75LBC976 Used In A Two-Chip Differential SCSI 



LinBiCMOS is a trademark of Texas Instruments Incorporated. 



The SN75LBC976 is fully configurable for connection to any type of SCSI system arrangement. The nine 
channels can be arranged into seven possible channel functions using the BSR, CDEO, CDE1 , CDE2, CRE 
control terminals. 

The 7 channel configurations are: 

• Transparent permanently enabled receiver 

• Transparent permanently enabled driver 

• Bidirectional transceiver with direction control 

• Driver with enable control 

• Open-ended driver for wired-OR control lines 

• Driver with ORed data and enable lines 

• Permanent high-impedance state 
4.3.2 SCSI Skew Considerations 

SCSI, as we have discussed, is a parallel data bus. This is also the case with the intelligent peripheral 
interface (IPI). IPI is similar to SCSI in that it is a high-speed peripheral bus with the same high-speed 
differential interface requirements. Being parallel, both standards transfer data over the cable more than one 
bit at a time. SCSI and IPI allow 8-bit (one byte) or a 1 6-bit (one word) data width and transfers as often as 
once every 100 ns or 10 million transfers per second. 

Since the logical state of any one bit can change every 1 00 ns, this defines a period during which the logical 
state should be valid across the bus. This is the unit interval (Ul). The voltage transitions that define the start 
and end of the Ul can propagate along the bus at different velocities due to the physical differences along 
each electrical path. So the original Ul at the start of the electrical path is different at the destination. 

Time variation of the defining voltage transitions is typically called skew. The limit for skew, designated 
tsk(lim)» ' s ^e fastest propagation delay minus the slowest propagation delay along any part of the bus. This, 
in effect, reduces the Ul by t S |<(|j m ) establishing a minimum unit interval, Ul m j n , that can be transmitted with 
a particular data bus. 

The proposed SCSI-3 standard for fast transfers (10 Mxfers/s), defines Ul m j n in terms of setup and hold 
times at the SCSI connector for interoperability with any other SCSI device. At the time this document is 
being written the requirements are as shown in Figure 4-7. 
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SCSI-3 Standard Requirements: 

• tTXCHIP_SETUP " *SK_DRVR - tSK_FOIL = tTXCONNECTOR_SETUP ^ 23 ns 

• tTXCHIP_HOLD -tSK^DRVR ~ *SK_FOIL = tTXCONNECTOR_HOLD > 33 ns 

• tRXCONNECTOR_SETUP = tRXCHIP__SETUP-tSK_RCVR-tSK_FOIL^ 1 5ns 

• tRXCONNECTOR_HOLD = *RXCHIP_SETUP -tSK_RCVR - tSK_FOIL * 25 ns 

Figure 4-7. SCSI-3 Fast Transfer Skew Budget 

The budget behind the connector is left to the designer and depends upon the SCSI controller, transceivers, 
and layout being used. Table 4-1 shows some skew budget examples with various controller chips that 
comply with the requirements at the SCSI connector. The recommended column is data for the worst case 
number for SCSI controllers surveyed by the SCSI SPI working group and budgets 8 ns for the external 
driver and 9 ns for the external receiver. This is the origin of the t S |<(|j m ) specifications in the SN75LBC976 
data sheet 



Table 4-1. Transceiver Skew Budgets for Various SCSI Controllers 



PARAMETER 


RECOMMENDED 
BUDGET 


VENDOR 
A 


VENDOR 
B 


VENDOR 
C 


UNITS 


min Tx_controller_setup = 


32 


30 


35 


35 


ns 


min Tx_controller_hold = 


42 


42 


45 


45 


ns 


min Rx_controller_setup = 


5 


0 


5 


0 


ns 


min Rx_controller_hol = 


15 


20 


15 


10 


ns 


tsketch = 


1 


1 


1 


1 


ns 


maxt sk _ dvr = 


8 


6 


11 


11 


ns 


max t S k rvc 55 


9 


4 


9 


14 


ns 
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The time it takes one transceiver of the 'LBC976 to change logic states is called the propagation delay time. 
For a driver this is designated as tym and a receiver this is designated tpd and does not differentiate whether 
the logical transition is from high-to-low or low-to-high level. The t S |<(|j m ), as specified in the data sheet and 
the recommendation of the SCSI standard are assured by measuring the propagation delay time of each 
channel of each 'LBC976 and accepting only those devices within the specified t S |<(|j m ) range. To keep the 
production costs of the 'LBC976 reasonable, these tests are done at 25°C and at 70°C ambient 
temperatures at a V<x of 5 V. 

Admittedly, the die temperatures and supply voltage are all the same (or nearly the same) during TVs 
production testing and not necessarily the same would be seen in actual use. However, the sensitivity of 
the propagation delay times to these factors is the same and is repeatable from device to device. In other 
words, as long as the operating environment of all of the SCSI interface channels is similar, the change in 
propagation delay times from the data sheet conditions are the same. This maintains the t S |<(|j m ) specification 
even though the actual propagation delay times may change. 

It is nearly impossible to predict the instantaneous die temperatures of these devices in actual use. Due to 
the nondeterministic nature of the state of any one channel and the averaging affect of nine channels and 
of the package thermal time constant, the die temperature must be considered using the mean power 
dissipation. It is also reasonable to assume that mean power dissipation of separate devices on the same 
printed circuit board to be close to each other and the temperature of the air around them does not have 
a large gradient between them. Even if there is an air temperature gradient of 45°C, there would be only 
about a 2-ns difference in the driver propagation delay times and little or no difference in the receiver 
propagation delay times. If such a temperature gradient actually existed across a board, it is likely that skew 
budgets are not going to be the problem with the equipment. 

4.3.3 SN75LBC976 Channel Power Dissipation Considerations 

Channel Power Dissipation - To understand the SN75LBC976 power dissipation when connected to a 
SCSI bus and the subsequent heat-sinking requirements, we need to develop a realistic model for the power 
consumption under working conditions. We must consider the power dissipation within the silicon. There 
are three primary sources — the dc quiescent power, the ac or switching power, and the dc or resistive losses 
in the output drivers. 

The current necessary to bias the circuits of a single enabled 'LBC976 differential driver is typically 0.53 mA 
and a maximum of 1 .1 mA. A single enabled receiver circuit requires 3.22 mA typically and 5 mA maximum. 
The typical values have been measured on 94 SN75LBC976DLs from three different wafer lots. The 
maximums have been verified over temperature on the same samples. 

It follows that the driver quiescent power consumption, Ppcc ,s: 

P DCC = ! CC x V CC 

= 0.53 mA x 5 V = 2.65 mW/channel average 
= 1.11 mA x 5.25 V = 5.83 mW/channel maximum 
And the receiver quiescent power, Prcc ' s: 

P RCC " 'CC x V CC 

= 3.22 mA x 5 V = 16.10 mW/channel average 

= 5 mA x 5.25 V = 26.25 mW/channel maximum 

The average l<x of a representative sampling of the SN75LBC976 has been measured to be 9.77 mA for 
nine unloaded drivers switching at 5 MHz (10 Mbps), a 50% duty cycle, and with Vqq = 5 V. Nine receivers 
at the same frequency and duty cycle and unloaded outputs consumed 36 mA average. Since both 
measurements include Ppcc or Prcc* they are subtracted below: 
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Driver switching losses, Pdac at 5 MHz: 



P 



DAC 



+ P 




xV, 



P, 



DCC(average) 



= 51.6 mW/channel 



Receiver switching losses, Prao at 5 MHz: 



RAC 



+ P 



RCC(average) 



P 



DAC 



CC(average) 
CC(average)' 




P 



RCC(average) 



= (36 mA/9) x 5 V - 16.10 



= 3.9 mW/channel 



The output stage losses vary with the magnitude of the output voltages or the output transistor saturation 
voltages and with the load conditions. The following is based upon the solution of the equivalent circuit of 
a differential SCSI bus and no further proof is included in this analysis. 

For the differential driver, the worst case condition is with a driver asserting the line with SCSI bus termination 
and a differential output voltage of about 2 V. Under these conditions there would be 144 mW dissipated 
in the output transistors when asserted and 71 mW when negated. The average output voltage of the 
SN75LBC976 driver is 2 V. As such, the average power dissipated in the output transistors is also a worst 
case condition. 

Driver output dc losses with the line asserted, Pdoh> is 9' ven b Y : 

P DOH = 144 mW /Channel 
Driver output dc losses with the line negated: 

P DOL = 71 mW /Channel 
The receiver output stage is rated for sinking 8 mA at a maximum low-level output voltage of 0.8 V. 
Receiver output dc losses, 1 Pro, ' s 9' ven by: 

P R0 = 8 mA x 0.8 V = 6.4 mW/Channel maximum 

Since Pdcc + P DAC + p DO >:> P RCC + P RAC + p RO» the worst case power dissipation in a data channel occurs 
when the driver is enabled and transmitting data. This case is used to analyze the device power dissipation. 

Device Power Dissipation - Assuming the probability that any one bit on the bus is asserted is equal to 
the probability of any one bit on the bus being negated, the state of the output is nondeterministic, and the 
thermal time constant of the device is long with respect to the data transfer period, the die temperature is 
determined by the mean power dissipation. In the driver output, this is the mean of the asserted and negative 
values: 
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Mean device output dc losses: 



P DO(DEV) = (P DOH + P DOL>/ 2 x 9 channe,s 

= (144 mW/Ch + 71 mW/Ch)/2 x 9 channels 

= 967.5 mW 

From the assumptions above and the probability that the driver output changes state on the next cycle is 
equal to the probability that it does not, the mean power dissipated due to driver switching is one-half Pdao 
which was measured with the switching loss occurring every cycle. 

Mean device switching losses: 

P DAC(DEV) = P DAC /2 x 9 channels 

= (51 .6 mW/ch)/2 x 9 channels 

= 232.2 mW 
Total device quiescent power: 

P DCC(DEV) = P D CC(average) x 9 channels 
= 2.65 mW/Ch x 9 channels 



= 23.85 mW 

The total mean power dissipated in nine enable drivers transmitting over a SCSI bus for several package 
thermal time constants is then: 

P D(DEV) = P DO(DEV) + P DAC(DEV) + P DCC(DEV) 
= 967.5 mW + 232.2 mW + 23.85 mW 
= 1223.6 mW 

4.3.4 Junction Temperature and Layout Considerations 

Measurements of the thermally enhanced 56-pin SSOP package and lead frame (see Figure 4-8) used on 
the SN75LBC976DL were performed on a 1 30 mm x 98 mm six-layer printer circuit board with the ground 
and heat-sinking terminals connected to a second layer ground plane through the first via interconnect. The 
ground plane was 0.254 mm below the surface of the board and was a 1-oz. copper layer. The two tests 
resulted in junction temperature rise above ambient temperatures of 52.9 and 46.6°C/W with zero air flow. 

The mean junction temperature rise above ambient when all drivers are enabled and transmitting data over 
the SCSI bus for several package thermal time constants can then be calculated using the following. 



4-59 




Tj = 150°C 



Figure 4-6. Thermally Enhanced 56-Pin SSOP Package 

Junction temperature rise above ambient: 
T J T A = e JA x P D(DEV) 

= (52.9°C/W + 46.6°G/W)/2 x 1233.6 mW x 1 W/1000 mW 

= 60.8 °C 

Most designs require two junction temperature conditions to be met. The junction operation temperature 
should not exceed 16D°C under worst case operating conditions and the average operating junction 
temperature should be no more than 1 1 0°C. 

Since the worst case condition of all nine channels transmitting data was used for analysis, the maximum 
ambient air temperature 0a) with no air flow should be: 

T A(max) = 150<1C - 60 - 8<C = 89 - 2<C 

When evaluation the average operating junction temperature the effects of transmit/receive duty cycle 
communication port activity must be taken into account. 

4.4 Driving the Wired-OR SCSI Lines with the SN75LBC976 

The control lines of the SCSI bus have three Wired-OR lines, they are busy (BSY), reset (RST), and select 
(SEL). These lines are wired-OR in that the line drivers connected to these lines drive in one direction only 
(assertion) and are 3-stated (high impedance) when negated. This allows numerous drivers to be active at 
the same time without affecting the logic state of the line and requires that all drivers be released or off before 
the logical state can change. When 3-stated, the bus termination network passively negates the signal. 
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The technique used for wired-OR operation with differential transceivers is to input the signal into the driver 
enable terminal and connect the driver input to a fixed logic level input. When the input signal to the driver 
enable is active (high), the driver becomes enabled and the outputs drive the SCSI bus to the state of the 
driver input. When the input signal at the driver enable goes low, the driver turns off and allows the bus 
termination to negate the signal on the bus after all other drivers on the bus are also shut off. 

Many communications controllers used for differential SCSI have separate inputs and outputs for these 
signals. When used with the SN75176-type RS-485 transceiver, these controller l/Os can be directly 
connected to separate driver enable inputs or receiver outputs. The SN75LBC976 device does not have a 
separate driver input and receiver input, these are tied together internally to save terminals. 

Controllers with separate l/Os can still be used with the 'LBC976 using the connections shown in Figure 4-9. 
The controller output goes high and enables the driver and disables the receiver. Upon disabling the 
receiver, the external pullup or pulldown resistor drives terminal A of the 'LBC976 to the correct level for bus 
assertion and the driver asserts the SCSI signal line. When the controller output goes low, the driver disables 
and allows the termination to negate the bus signal. After a short delay, the receiver outputs are enabled 
and reflect the logical sate of the bus signal. 
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Figure 4-9. Typical SCSI Transceiver Connections 
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5 Summary and Further Information 

5.1 El A Standards 

For details and a copy of the Catalog of EIA & Jedec Standards & Engineering Publications and for copies 
of EIA standards contact the Electronic Industries Association 

EIA Standard Sales Office 
2001 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006 
United States 

Telephone Number + 1 (202) 457-4966 

5.2 References 

The following books were invaluable in producing this section: 

1 . Digital, Analog, and Data Communication, - William Sinnema and Tom McGovern - Prentice-Hall 
International - ISBN 0-835-91 313-9. 

2. Data Transmission, - D. Tugal and O. Tugal - McGraw Hill 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1 5). 

D. Four center pins are connected to die mount pad 

E. Falls within JEDEC MS-01 2 
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NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,1 5. 

D. Falls within JEDEC MO-1 50 
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NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1 5). 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1 5). 

D. Falls within JEDECMS-01 3 
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MECHANICAL DATA 



AUGUST 1995 



FK (S-CQCC-N**) 

28 TERMINAL SHOWN 



LEADLESS CERAMIC CHIP CARRIER 



18 17 16 15 14 13 12 




NO. OF 

TERMINALS 

** 


A 


B 


MIN 


MAX 


MIN 


MAX 


20 


0.342 
(8,69) 


0.358 
(9,09) 


0.307 
(7,80) 


0.358 
(9,09) 


S3 


0,422 
(11,23) 


0,438 
(11,63) 


0,406 
(10,31) 


- 0.468 


44 


0*640 

mm 


0,666 
(16,76) 


0,496 
(12,58) 


0.660' 
(H2S2) 


52 


0,730 
(18,78) 


0,761 
(19,32) 


0,488 
(12,58) 


0,660 
(14,22) 


68 


0,938 
(23*83) 


0,962 
(24,43) 


0,860 
(21,6) 


0,858 


84 


1J41 
(28,99) 


1.105 


1,047 
(26,6) 


1.063 

mm 



0.020 (0,51) 
0.010(0,25) 



0.028(0,71) 



0.022 (0,54) 



0.045(1,14) 
0.035(0,89) 



0.045(1,14) 
0.035 (0,89) 



0.080 (2,03) 
0.064 (1,63) 



4040140/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. Falls within JEDEC MS-004 
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MECHANICAL DATA 



AUGUST 1995 



FN (S-PQCC-J**) 

20 PIN SHOWN 



PLASTIC J-LEADED CHIP CARRIER 



V O 



i 

E E1 [ 

C 



D 
D1 



19 



u u u 

13 



] 
] 

D 

D 14 



0.032 (0,81) 
0.026 (0,66) 




T 



| 0.050 (1,27)1 
0.008 (0,20) NOM - 



Seating Plane 
^| 0.004(0,10) | 

0.180 (4,57) MAX 
0.120(3,05) 
0.090 (2,29) 
- 0.020 (0,51) MIN 



D2/E2 



D2/E2 



0.021 (0,53) 
"0.013(0,33) 
0.007 (0,18) ©J 



NO. OF 

PINS 

** 


D/E 


D1/E1 


D2/E2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


20 


0.385 (9,78) 


0.395(10,03) 


0.350 (8,89) 


0.356 (9,04) 


0.141 (3,58) 


0.169(4,29) 


28 


0.485 (12,32) 


0.495(12,57) 


0.450 (11,43) 


0.456 (11,58) 


0.191 (4,85) 


0.219(5,56) 


44 


$m mm 






0.056116,66) 


0,291 {7,39} 


0.319 <8 t 10) 


M 




a.m mm 




0756 mm 


0*341 (BM) 


0.369 (9*37) 


m 






0,950^4,13) 


0.956(24,33) 


0.441 (.11 ,20} 


0.469(11^1) 


84 


1.185(30,10) 


1.195 (30,35) 


1.150(29,21; 


1.158 (29,41) 


0.541 (13,74) 


0.569 (14,45) 



4040005/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMS-01 8 
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MECHANICAL DATA 



AUGUST 1995 



J (R-GDIP-T**) 

14 PIN SHOWN 



CERAMIC DUAL-IN-LINE PACKAGE 





^\PINS ** 
DIM^\^ 


14 


16 


18 


20 


22 


4 : B ► 




A MAX 


0.310 
(7,87) 


0.310 
(7,87) 


0*310 


0.310 
(7,87) 


0*410 
(10,41) 




A MIN 


0.290 
(7,37) 


0.290 
(7,37) 


o.m 

(7,37) 


0.290 
(7,37) 


0-390 
(MM) 




c 

_i 


B MAX 


0.785 
(19,94) 


0.785 
(19,94) 


0*910 
(23,t0> 


0.975 
(24,77) 


1.100 
<28,00) 


\ 


B MIN 


0.755 
(19,18) 


0.755 
(19,18) 




0.930 
(23,62) 




UU 

1 




uuuu 

7 




C MAX 


0.280 
(7,11) 


0.300 
(7,62) 


0,300 


0.300 
(7,62) 


0-388 


0.065(1,65) 
* 0.045(1,14) 


C MIN 


0.245 
(6,22) 


0.245 
(6,22) 


0*45 

#,22) 


0.245 
(6,22) 





0.100(2,54) 
0.070 (1,78) 



0.020 (0,51) MIN 




II 



0.200 (5,08) MAX 

^ Seating Plane 

f 0.130(3,30) MIN 



0.100(2,54) 



T 



0.023(0,58) 
0.015(0,38) 



0.014(0,36) 
0.008 (0,20) 



4040083/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 

E. Falls within MIL-STD-1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22 
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MECHANICAL DATA 



AUGUST 1995 



JG (R-GDIP-T8) 



CERAMIC DUAL-IN-LINE PACKAGE 



- 0.400(10,20) j 

0.355(9,00) 

8 5 

r^i 



^7 

1 



0.280 (7,11) 
0.245(6,22) 



4 

0.065 (1,65) 

0.045 (1,14) 



0.020 (0,51) MIN 



0.310(7,87) 
0.290 (7,37) 



TOOT 



0.063(1,60) 
0.015 (0,38) 



0.200 (5,08) MAX 

JL Seating Plane 



| 0.100(2,54) 



f 0.130 (3,30) MIN 

T 



0.023 (0,58) 
0.015(0,38) 




15° 



0.015 (0,38) 
0.008 (0,20) 



40401 07/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 

E. Falls within MIL-STD-1835 GDIP1-T8 
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MECHANICAL DATA 



AUGUST 1995 



N (R-PDIP-T**) 
16 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



16 9 



1 8 



0.260 (6,60) 
0.240(6,10) 



DIM 


14 


16 




20 


A MAX 


0.775 
(19,69) 


0.775 
(19,69) 


mm 


0.975 
(24,77) 


A MIN 


0.745 
(18,92) 


0.745 
(18,92) 


mm 

{21*39} 


0.940 
(23,88) 



J L ' 

►) I* 0.070(1, 



78) MAX 



0.035 (0,89) MAX 0.020 (0,51) MIN -i 




f 

0.200 (5,08) MAX 

4 Seating Plane 



4 — ► — I 0.1 00 (2,54) 



0.125 (3,18) MIN 




0.010(0,25) NOM 



14 Pin Only 




0.310 (7,87) 
0.290 (7,37) 



\r- °°- 15 ° 



4040049/ C 7/95 



NOTES: A. All linear dimensions are in inches (miliimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 (20-pin package is shorter than MS-001 ) 
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MECHANICAL DATA 



AUGUST 1995 



N (R-PDIP-T**) 
22 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



22 12 



11 



DIM 


22 


24 


A MAX 


1.120 
(28,45) 


mm) 


B MAX 


0.355 
(9,02) 





—J L— o.i 



070 (1,78) MAX 



0.020 (0,51) MIN —l 



| 0.100(2,54) 



0.010(0,25) @| 



0.425 (10,80) MAX « 



f 

0.200 (5,08) MAX 
1 Seating Plane 



0.125 (3,18) MIN 
0.010 (0,25) NOM 




0°-15° 



V 



4040051 IB 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMS-010 
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MECHANICAL DATA 



AUGUST 1995 



NS (R-PDSO-G**) 

14 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



H R R R R R 



{J* 1-^1 0.25 ©| 



O 



5,60 8,20 
5,00 7,40 



□nnnnnnn 



' — 2,00 MAX 



0,05 MIN 



T 



"\PINS ** 
DIM^"^ 


14 


16 


20 


24 


A MAX 


10,50 


10,50 


%2M 




A MIN 


9,90 


9,90 


12,30 


14,70 



0,15 NOM 



S eating Plane ^ \ 




4040062/ B 10/94 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15. 
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MECHANICAL DATA 



AUGUST 1995 



NT (R-PDIP-T**) 
24 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



24 13 



0.280 f7,11) 
0.250 (6,35) 



12 

0.070 (1,78) MAX 



0.020 (0,51) MIN-i 



^\P|NS ** 


24 


28 


A MAX 


1.260 
(32,04) 


1,485 
(36,20) 


A MIN 


1.230 
(31,24) 


1*385 
(36,18) 


B MAX 


0.310 
(7,87) 


0,315 
i*M 


B MIN 


0.290 
(7,37) 


0.296 



T 

0.200 (5,08) MAX 
. ^ Seating Plane 



«— *{— | 0.100(2,54) 
Mflgll ^10.010(0.25) 1] 



0.125 (3,18) MIN 
0.010 (0,25) NOM 





0°-15°^ 



4040050/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



AUGUST 1995 



P (R-PDIP-T8) 



PLASTIC DUAL-IN-LINE PACKAGE 





0.400(10,60) 


« 


0.355(9,02) 


8 5 

. I I I II If"). 






.t 

0.260 (6,60) 




0.240(6,10) 


o 


4 



J L 4 

— W N — 0.070(1,7 



1, 78) MAX 
0.020 (0,51) MIN — I 



0.200 (5,08) MAX 

■ ^ Seating Plane 



0.125 (3,18) MIN 



4 > \ 0.100(2,54) 



|fi|g |^ l o.oio(o, 25 r i] 




0.310 (7,87) 
0.290 (7,37) 



0.010 (0,25) NOM 



4040082/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-001 
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MECHANICAL DATA 



AUGUST 1995 



PS (R-PDS0-G8) 



PLASTIC SMALL-OUTLINE PACKAGE 



1,27 



11 



0,51 
0,35 



0,25 (M) 



1 



o 



6,50 
5,90" 



5,60 8,20 
5,00 7,40 



0,15 NOM 



2,00 MAX 



J U U — f Se ating Plane I \ JT 

7 | ^| Q,io [ IT 



0,05 MIN 




4040063/ B 10/94 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15. 
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MECHANICAL DATA 



AUGUST 1995 



W (R-GDFP-F14) 



CERAMIC DUAL FLATPACK 



0.260 (6,60) 
0.235 (5,97) 



0.080 (2,03) 
0.045(1,14) 



0.360(9,14) 



0.240(6,10) 



0.280(7,11) 
0.255 (6,48) 




Base And Seating Plane 



0.007 (0,18)~ T 



0.004(0,10) 



0.360 (9,14) 



0.240(6,10) 



14 



0.390 (9,91) 
0.335 (8,51) 



0.045 (1,14) 
0.026 (0,66) 



0.019(0,48) 
JT 0.015(0,38) 



- j 0.050 (1,27) 



1.000(25,40) 
0.735 (18,67) 



I 



0.025 (0,64) 
0.015(0,38) 



40401 80-2/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using 

D. Index point is provided on cap for terminal identification only 

E. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB 



frit. 
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MECHANICAL DATA 



AUGUST 1995 



W(R-GDFP-F16) 



CERAMIC DUAL FLATPACK 



0.285 (7,24) 
0.245 (6,22) 



0.085(2,16) 
0.045 (1,14) 



0.305 (7,75) 




Base And Seating Plane 



0.006 



(0,15)~ T 



0.004(0,10) 



0.045 (1,14) 
0.026 (0,66) 



0.355 (9,02) 



0.275 (6,99) 



0.355 (9,02) 



0.235 (5,97) 



16 



0.235 (5,97) 



0.440 (11,18) 
0.371 (9,42) 



0.019(0,48) 
J~ 0.015(0,38) 

'"f 

- | 0.050(1,27) | 



0.025 (0,64) 
0.015(0,38) 



1.025(26,04) 
0.745 (18,92) 



40401 80-3/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only 

E. Falls within MIL-STD-1835 GDFP1-F16 and JEDEC MO-092AC 
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MECHANICAL DATA 



AUGUST 1995 



W (R-GDFP-F20) 



CERAMIC DUAL FLATPACK 



0.300 (7,62) 
0.245 (6,22) 



0.100(2,54) 
0.045 (1,14) 



0.360 (9,14) 



0.320(8,13) 
0.265 (6,73) 




Base And Seating Plane 



0.006 



(0,15)~ T 



0.004(0,10) 



0.240(6,10) 



0.360(9,14) 



20> 



0.240 (6,10) 



0.540 (13,72) 
0.490 (12,45) 



0.045(1,14) 
0.026(0,66) 



0.019(0,48) 
JT 0.015 (0,38) 



p | 0.050 (1,27) 



0.030 (0,76) 
0.015 (0,38) 



10 



11 I 



1.040(26,42) 
0.745 (18,92) 



40401 80-4/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only 

E. Falls within MIL-STD-1835 GDFP2-F20 
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MECHANICAL DATA 



AUGUST 1995 



WD (R-GDFP-F**) 
48 PIN SHOWN 



CERAMIC DUAL FLATPACK 



0.120(3,05) 
0.075(1,91) 

0.005 (0,13) NOM 



NO. OF 
PINS** 


A 


MIN 


MAX 


48 


0,330 
d 6,00) 


0,730 i 
(18,S4) 


56 


0.610 
(15,49) 


0.710 
(18,03) 




1.200(30,50 ), 
0.950(24,13) 

0.390(9,91) 



0.370 (9,40) 



48 



| 0.025 (0,64T 

It 




25 



0.010 (0,25) TYP 

T 



40401 76/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for pin identification only 

E. Falls within MIL-STD-1 835: GDFP1-F48 and JEDEC MO-146AA 

GDFP1-F56 and JEDEC MO-146AB 
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NOTES 



77 Worldwide Sales and Representative Offices 



AUSTRALIA / NEW ZEALAND: Texas Instruments Australia Ltd.: 
Melbourne 3-696-1211, Fax 3-696-4446. Sydney [61] 2-910-3100, Fax 2- 
805-1186; 

BELGIUM: Texas Instruments Belgium S.A./N.V.: Brussels [32] (02) 726- 
75-80, Fax (02) 726 7276. 

BRAZIL: Texas Instrumentos Electronicos do Brasil Ltda.: Sao Paulo 

[55] 11-535-5133. 

CANADA: Texas Instruments Canada Ltd.: Montreal (514)421-2750; 

Ottawa (613) 726-3201; Toronto (416) 884-9181. 

DENMARK: Texas Instruments A/S: Ballerup [45] (44) 68 74 00. 

FINLAND: Texas Instruments/OY: Espoo [358] (0) 43 54 20 33, Fax (0)46 

7323. 

FRANCE: Texas Instruments France: Velizy-Vlllacoublay [33] (1)30 70 10 
01, Fax (1)30701054. 

GERMANY: Texas Instruments Deutschland GmbH.: Freising [49] 
(08161)800, Fax (08161)80516; Hannover (0511)9049 60, Fax (0511) 
64 90331; Ostflldern (0711)340 30, Fax (0711)34032 57. 
HOLLAND: Texas Instruments Holland, B.V. Amsterdam [31] (020) 546 98 
00 Fax (020) 646 31 36 

HONGKONG: Texas Instruments Hong Kong Ltd.: Kowloon [852] 2956- 
7288, Fax 2965-2200. 

HUNGARY: Texas Instruments Representation: Budapest [36] (1) 269 
8310, Fax (1)267 13 57. 

IRELAND: Texas Instruments Ireland Ltd.: Dublin [353] (01)475 52 33, 
Fax (01)47814 63. 

ITALY: Texas Instruments Italia S.p. A.: Agrate Brianza [39] (039) 6842.1, 
Fax (039) 68 42.912; Rome (06)657 2651. 
JAPAN: Texas Instruments Japan Ltd.: Ishikawa 0762-23-5471, Fax 
0762-23-1583; Kanagawa 045-338-1220, Fax 045-338-1255; Kyoto 075- 
341-7713, Fax 075-341-7724; Nagano 0263-33-1060, Fax 0263-35-1025; 
Nagoya 052-583-8691, Fax 052-583-8696; Olta 0977-73-1557, Fax 0977- 
73-1583. Osaka 06-204-1881, Fax 06-204-1895; Saltama 0485-22-2440, 
Fax 0425-23-5787; Tokyo [81] 03-769-8700, Fax 03-3457-6777; 
KOREA: Texas Instruments Korea Ltd.: Seoul [82] 2-551-2800, Fax 2- 
551-2828. 

MAINLAND CHINA: Texas Instruments China Inc.: Beijing [86] 10-500- 
2255, Ext. 3750, Fax 10-500-2705. 

MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur [60] 3- 
208-6001, Fax 3-230-6605. 

MEXICO: Texas Instruments de Mexico S.A. de C.V.: Colonia del Valle 

[52] 5-639-9740. ' 

North American Authorized Distributors 
COMMERCIAL 

Almac / Arrow 
Anthem Electronics 
Arrow / Schweber 
Future Electronics (Canada) 
Hamilton Hallmark 
Marshall Industries 
Wyle 

OBSOLETE PRODUCTS 

Rochester Electronics 
MILITARY 

Alliance Electronics Inc 
Future Electronics (Canada) 
Hamilton Hallmark 
Zeus, An Arrow Company 
CATALOG 
Allied Electronics 
Arrow Advantage 
Newark Electonics 



800-426-1410 / 800-452-9185 Oregon only 

800-826-8436 

800-777-2776 

800-388-8731 

800-332-8638 

800-522-0084 or www.marshall.com 
800-414-4144 

508-462-9332 

800-608-9494 
800-388-8731 
800-332-8638 
800-524-4735 

800-433-5700 
800-777-2776 
800-367-3573 



NORWAY: Texas Instruments Norge A/S: Oslo [47] (02) 264 75 70. 
PHILIPPINES: Texas Instruments Asia Ltd.: Metro Manila [63] 2-817-6031, 
Fax 2-817-6096. 

PORTUGAL: Texas Instruments Equipamento Electronico (Portugal) 
LDA.: Maia [351] (2) 948 10 03, Fax (2) 948 19 29. 
SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas Instruments 
Singapore (PTE) Ltd.: Singapore [65] 390-7100, Fax 390-7062. 
SPAIN: Texas Instruments Espafta S.A.: Madrid [34] (1)372 80 51, Fax 
(1)372 82 66; Klsta [46] (08) 752 58 00, 

SWITZERLAND: Texas Instruments Switzerland AG: Dietikon [41] 886-2- 
3771450. 

TAIWAN: Texas Instruments Taiwan Limited: Taipei [886] 378-6800, Fax 
377-2718. 

UNITED KINGDOM: Texas Instruments Ltd.: Northampton [44] (1604) 66 
3000, Fax (1604) 66 30 01. 

UNITED STATES: Texas Instruments Incorporated: ALABAMA: 
Huntsville (205)430-0114; ARIZONA: Phoenix (602)224-7800; 
CALIFORNIA: Irvine (714)660-1200; San Diego (619)278-9600; San 
Jose (408) 894-9000; Woodland Hills (818)704-8100; COLORADO: 
Denver (303) 488-9300; CONNECTICUT: Wallingford (203) 269-0074; 
FLORIDA: Fort Lauderdale (305)425-7804; Orlando (407)667-5300; 
Tampa (813)882-0017; GEORGIA: Atlanta (404) 662-7967; ILLINOIS: 
Chicago (708) 517-4500; INDIANA: Indianapolis (317)573-6400; 
KANSAS: Kansas City (913) 451-4511; MARYLAND: Columbia (410)312- 
7900; MASSACHUSETTS: Boston (617) 895-9100; MICHIGAN: Detroit 
(810) 305-5700; MINNESOTA: Minneapolis (612) 828-9300; NEW JERSEY: 
Edison (908) 906-0033; NEW MEXICO: Albuquerque (505) 345-2555; NEW 
YORK: Long Island (516)454-6601; Poughkeepsie (914) 897-2900; 
Rochester (716)385-6770; NORTH CAROLINA: Charlotte (704)522-5487; 
Raleigh (919)876-2725; OHIO: Cleveland (216)328-2149; Dayton (513) 
427-6200; OREGON: Portland (503) 643-6758; PENNSYLVANIA: 
Philadelphia (215)825-9500; PUERTO RICO: HatoRey (809)753-8700; 
TEXAS: Austin (512) 250-6769; Dallas (214)917-1264; Houston (713) 
778-6592; Midland (915) 561-7137; WISCONSIN: Milwaukee (414)798- 
1001. 



Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to discontinue any 
product or service identified in this publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, that the information being relied upon is 
current. 

Please be advised that Tl warrants its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl's standard warranty. Tl assumes no liability for 
applications assistance, software performance, or third-party product information, or for infringement of 
patents or services described in this publication. Tl assumes no responsibility for customers' applications 
or product designs. 
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For Distributors outside North America, contact your local Sales Office. 
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